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B.l  INTRODUCTION 


The  operation  and  control  or  Landnat-D  Is  highly  dependent  on  the  operation  of 
the  spacecraft  On  Board  Computer  (OBC).  Landsat-D  contains  two  NASA  Standard 
Spacecraft  Computers  (NSSC-1)  and  65536  words  of  memory.  A hardware  and 
Interface  description  of  the  OBC  and  memory  Is  provided  In  Section  6.0  of  Volume 
I of  this  manual.  Appendix  B provides  a description  of  the  OBC  software.  This 
description  Is  based  on: 

1.  SVS-9953  Landsat-D  Flight  Software  Requirements  Specification, 
Revision  A,  dated  March  1,  1981 

2.  SVS-10130  Landsat-D  Flight  Software  Computer  Program  ' Design 
Specification,  data  August  1981 

3.  S-700-56  MMS  OBC  Flight  Executive  Technical  Description,  Revision  B, 
dated  February  1980 

The  OBC  software  is  divided  Into  two  areas,  the  Flight  Executive  and  the; 
Applications  processors.  The  Flight  Executive  controls  the  timing  and  execution:, 
of  all  the  OBC  software  and  calls  upon  the  applications  processors  for  specific 
software  tasks.  There  are  23  applications  processors  that  perform  various 
spacecraft  functions.  Both  the  applications  processors  and  the  flight  executive, 
use  one  or  more  of  67  system  tables  to  obtain  variables,  constants  and  software 
flags.  Output  from  the  software  for  monitoring  operation  Is  via  49  OBC 
Telemetry  Reports  subcommutated  in  the  spacecraft  telemetry. 
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B.2  PURPOSE 

The  purpose  of  this  appendix  Is  to: 

1.  Provide  an  operational  description  of  the  landsat-D  Flight  Segment 
Suf  tware. 

2.  Provide  the  basis  for  monitoring  and  control  of  the  OBC. 

3.  Present  detailed  flow  diagrams  of  the  software  showing  System  Table 
Input  and  Telemetry  output. 

4.  Provide  a means  of  understanding  the  Interactions  of  the  -Systems 
Tables  and  the  various  processors  In  all  software  modes  of  operations. 

5.  Show  the  origin  of  telemetry  points  presented  In  the  OBC  telemetry. 

In  general,  this  appendix  is  to  provide  Information  about  the  flight  software  as 
It  1s  used  to  control  the  various  spacecraft  oepratlons  and  interpret  the 
operational  OBC  Telemetry.  For  detailed  Program  Design  Listing  see  SVS-10130 
Landsat-D  Flight  Segment  Software  Computer  Program  Design  Specification. 


B.3.0  GENERAL  DESCRIPTION 


Section  B.3.X.X  of  this  appendix  is  divided  into  24  subsections  (the  X below) 
each  dealing  with  a particular  processor  of  the  software.  These  are  further 
divided  to  provide: 


B.3.X.1  Processor  Function  Description 
B.3.X.2  Processor  Operation 
B.3.X.3  Software  Constraints 
B.3.X.4  Processor  System  Tables 
B.3.X.5  Processor  Telemetry 
B.3.X.6  Processor  Flow  Charts 

The  System  Tables  of  Sections  B.3.X.4  are  formatted  as  follows: 

ENTRY  Position  in  Table  Offset  from  Table  starting  point 


NAME 


TLM 

TYPE 


Identification  as  given  by  software 
* Denotes  parameter  is  available  in  OBC  Telemetry 
C “ Constant,  V « Variable,  F » Flag 


USING  SUBROUTINE 


Software  processor/subroutine  that  uses  parameter 


LSD-WPC-263 


B.2-1 


i 


B.3  SOFTWARE  PROCESSOR  DESCRIPTION 


SVS-10266 
Appendix  B 
31  December  1981 


B.3.0  GENERAL  DESCRIPTION 


Section  6.3.X.X  of  this  appendix  is  divided  into  24  subsections  (the  X below) 
each  dealing  with  a particular  processor  of  the  software.  These  are  further 
divided  to  provide: 


B.3.X.I  Processor  Function  Description 
B.3.X.2  Processor  Operation 
B.3.X.3  Software  Constraints 
B.3.X.4  Processor  System  Tables 
B.3.X.5  Processor  Telemetry 
B.3.X.6  Processor  Flow  Charts 


The  System  Tables  of  Sections  B.3.X.4  are  formatted  as  follows: 

ENTRY  Position  in  Table  Offset  from  Table  starting  point 

NAJfS  Identification  as  given  by  software 

TLM  * Denotes  parameter  is  available  in  OBC  Telemetry 

TYPE  C “ Constant,  V » Variable,  F “ Flag 


USING  SUBROUTINE  Softwai'e  processor/subroutine  that  uses  parameter 
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DESCRIPTION  Describes  Item;  provides  other  information  to  describe 

parameter 

The  Telemetry  of  Sections  B.3.X.5  is  formatted  as  follows: 

Location  of  TLM  point  in  Report  Word  0 = Entry  i?  + 1 
As  designated  by  software 

Processor  subroutine  which  calculates  or  sets  software 
telemetry  point 

Explains  telemetry  point  and  provides  other  details  of 
TLM  points  use  and  meaning 

In  the  Flow  Charts  of  Section  B.3.X.6  a coding  is  provided  to  Identify  System 
Table  entries  and  TLM  points.  This  coding  which  underscores  the  particular 
parameters  is  as  follows: 


ENTRY  NUMBER 
NAME 

GENERATING  SUBROUTINE 
DESCRIPTION/COMMENT 


- - TELEMETRY  POINT 

....  SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  & 

SYSTEM  TABLE  ENTRY 
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B.3.1  FllGHT  EXECUTIVE  (FLTEXEC) 

B.3.I.I  Flight  Execu»:lve  (FLTEXEC)  Procegeor  Description 

The  MMS  Flight  Executive  Includes  'evetal  processors  and  other  related  decks  in 
addition  to  the  Flight  Executi’'e  Proper.  The  total  system  consists  of  the 
following  decks: 

FLTEXEC 

XREQ 

UNIQUE 

SCliDBUF 

STCMDS 

CDHTST  ' 

PROCESSORS 

COMMON 

The  logical  parts  of  the  executive  are  discussed  separately  in  the  subsections 
which  follow. 

B.3.1. 1.1  Flight  Executive  Proper 

The  MMS  Flight.  Executive  consists  mainly  of  interrupt  haadlers  ~ one  section  for 
each  allowable  interrupt.  In  addition,  there  is  section  BUFFER,  whlcn  contains 
various  storage  areas  whose  absolute  addresses  must  be  known  on  the  ground; 
section  PRCTL , which  contains  routines  for  starting,  restarting,  and  tetminating 
processors  and  checking  for  processors  requested  for  execution;  section  SUBRTN, 
which  contains  subroutines  used  by  several  other  decks;  and  section  ERROR,  which 
reports  any  illegal  interrupts  which  may  occur.  These  sections  are  combined 
into  a single  deck,  FLTEXEC,  except  for  the  Interrupt  h.-ndlcr  for  interrupts  12 
and  8,  which  forms  a separate  deck,  XREQ.  Finally,  there  Is  a deck  UI.'IQUE, 
which  contains  all  the  coding  which  may  need  to  be  changed  in  making  mission- 
unique  modification  to  the  system. 

The  interrupt  handlers  are  the  following: 

Interrupt  0 — INIT 
Interrupt  5— -CLOCK 
Interrupt  6 — TMSYNC 
Interrupt  9 — REMOTE 
Interrupt  11-DUMPEND 
Interrupt  12  and  8 — XREQ 
Interrupt  15 — WRERROR 
EXIT  Interrupt — SVC 

In  general,  sj-mbols  (labels)  begin  with  the  initial  letter  of  the  section  in 
which  they  are  defined.  There  are  a few  exceptions;  the  synbol.s  INTRPTr.  and 
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CSDEVn  (the  interrupt  areas  at  the  start  of  the  fixed  bank  and  the  cycie-steal 
areas  at  the  end  of  the  fixed  bank)  ate  defined  in  section  BUFFER.  Symbols  in 
section  SUBRTN  begin  with  the  letter  J,  and  symbols  in  deck  COMMON  begin  with 
the  letter  Q,  except  for  the  Data  Reference  Table,  DATAREF,  and  the  labels 
(names  of  data  items)  attrched  to  entries  within  it.  No  conventions'  are 
followed  with  the  latter,  and  no  conventions  apply  to  decks  SCML'BUF,  STCMDS, 
CDHTST,  and  PROCESSORS. 


Interrupt  5,  CLOCK,  the  16-mllllsecond  clock  interrupt,  is  the  main  driver  for 
the  OBC,  It  controls  and  schedules  all  periodic  activities  (except  telemetry). 
Other  Interrupts  occur  more  or  less  asynchronously,  and  perfc^rm  their  functions 
without  reference  to  other  OBC  activitlos. 

In  the  Flight  Executive  proper,  constants  and  storage  areas  are  generally 
defined  at  the  end  of  the  section  which  uses  them,  and  their  symbols  begin  with 
the  initial  letter  of  the  section  name.  Data  areas  which  may  need  to  be  changed 
in  making  mission-unique  modifications  to  the  system  are  grouped  into  deck 
UNIQUE,  however,  and  their  symobls  begin  with  the  letter  U. 


The  data  areas  for  the  Flight  Executive  proper  occupy  the  fixed  bank  of  the  OBC, 
which  is  reserved  for  this  use.  To  implement  this,,  all  decks  of  the  Flight 
Executive  (FLTEXEC,  XREQ , and  UNIQUE)  assign  an  absolute  origin  to  location 
counter  C.  In  deck  FLTEKEC  there  are  several  AORG  directives,  all  in  section 
BUFFER.  In  decks  XREQ  and  UNIQUE  the  AORG  directives  immediately  follow  the 
title  lines  at  the  start  of  thv.  deck.  If  the  data  areas  become  too  large  to  fit 
in  the  fixed  bank,  the  telemetry  buffers  (in  sectloir  BUFFER  of  deck  FLTXEC)  tin 
be  moved  to  another  bank. 


Location  counter  1,  under  which  instructions  are  assembled,  is  relocatable  in 
all  decks.  This  allox^s  all  the  instructions  in  a complete  OBC  memory  load  tc 
occupy  a contiguous  block  of  core,  with  the  Flight  Executive  at  the  start,  so 
that  memory  checking  can  be  carried  out  properly. 

B. 3. 1.1. 2 Stored  Come  nd  Buffers 


j 

■4 


i| 


■ 1 
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Deck  SCMDBUF  contains  the  stored  command  buffers  used  by  the  Absolute  and 
Relative  Time  Command  Processors  and  by  the  C&DH  Test  Processor.  In  release  4, 
the  buffers  as  assembled  contain  test  data  to  reduce  the  need  for  memory  loads. 
There  are  several  sets  of  commands  for  testing  the  Absolute  Time  Command 
Processor  and  some  predefined  blocks  of  coiunands  and  relative  time  sequences  to 
be  used  with  them.  There  is  also  a set  of  commands  which  can  be  used  with  the 
C&DH  Test  Processor  to  send  commands  continuously  at  maximum  hardware  speed.  A 
number  of  procs  are  provided  to  simplify  the  Job  of  setting  up  additional  test 
data  as  needed.  Details  can  be  found  in  the  program  listing. 

The  stored  command  buffers  are  assigned  absolute  addresses  so  that  they  can  be 
placed  on  bank  boundaries.  Only  the  first  AORG  needs  to  be  changed  to  move  the 
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buffers  to  a different  bank  - all  other  AORGs  are  relative  to  the  first  (which 
sets  Che  origin  SCMDBUFl).  The  sizes  of  the  buffers  can  be  changed  by  changing 
the  EQUs  which  define  certain  symbols.  SOIDLEN  controls  the  length  of  Che  main 
buffer,  giving  the  number  of  commands  (not  words)  the  buffer  will  hold. 
SPREBUFL  specifies  Che  number  of  predefined  blocks  for  r-hich  space  will  be 
reserved;  the  number  of  words  reserved  will  be  32  times  this  number.  The  size 
of  the  buffer  for  relative  time  sequences  Is  defined  by  a simple  RES  directive, 
following  the  directive  which  defines  the  symbol  for  Che  buffer,  RTSBUF.  In 
release  4 of  the  Flight  Executive,  this  RES  has  been  coded  to  use  all  of  bank  1 
which  is  not  used  for  other  stored  command  buffers.  If  the  length  of  the  other 
buffers  is  changed,  the  size  of  RTSBUF  will  be  automatically  adjusted  to 
correspond.  If  the  stored  command  buffets  e moved  to  a bank  other  than  bank 
1,  however,  this  RES  directive  must  also  be  cV  .;ed. 

B. 3. 1.1. 3 System  Processors 

Seven  system  processors  ate  Included  in  the  Vj.ight  Executive.  The.  processors 
ate  as  follows: 

ATOP 

RTCP 

OiHTST 

MEMCK 

MONTOR 

CKDTST 

f AILCK 

MEMTST 

ATCP  (the  Absolute  Time  Command  Processor)  and  RTCP  (the  Relative  Time  Command 
Processor)  are  combined  into  a single  deck,  STCMD'l.  These  processors  together 
provide  Che  main  MMS  scored  command  processing  capability.  CDHTST  is  Che  C5rD 
Test  Processor  and  forms  a deck  by  Itself,  because  it  will  not  be  included  in 
the  flight  system.  The  remaining  processors  are  combined  into  a single  deck, 
PROCESSORS.  MEMCK  performs  the  memory  check  described  in  Section  B.3.21.  MONTOR 
monitors  up  to  20  words  of  memory  and  transmits  their  contents  to  Che  ground 
through  the  OBC  contribution  Co  telemetry  as  described  in  Section  B.3.22. 
CMDTST  checks  Che  spacecraft  command  hardware  as  described  in  Section  B.3.20. 
FAllCK  sends  the  failure  detection  signal  as  described  in  Section  B.3.14. 
MEMTST  can  be  used  to  test  the  memory  hardware  for  one  or  more  banks  by  storing 
and  reading  worst  case  bit  patterns  in  each  word. 

B. 3. 1.1. 4 Deck  Common 

Deck  COMMON  contains  the  COMMON  area  for  communication  among  processors.  It 
also  has  the  status  buffer,  parameter  tables  for  processors  (which  can  be  loaded 
from  the  ground  and  are  included  In  the  COMMON  area),  and  Che  Data  Reference 
Table  (DAT.AREF)  used  in  getting  data  from  cele.cetcy  or  getting  computet  data. 
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The  deck  also  defines  the  end  of  Che  memory  area  occupied  by  Instructions,  which 
processor  KEMCK  uses  in  setting  up  the  boundaries  of  the  area  It  checks.  Deck 
COMMON  must  therefore  be  the  last  deck  In  the  loader  run  which  creates  the  core 
Image  for  the  OBC. 

B.3.1.2  Flight  Executive  (FLTEXEC)  Processor  Operation 

See  MMS  OBC  Flight  Executive  Technical  Description  S-700-56  Rev.  B for  operation 
details. 


B.3.1.3  Flight  Executive  (FLIEXEC)  Software  Constraints 

See  MMS  OBC  Flight  Executive  Technical  Description  S-700-56  Rev.  B for  software 
constraints . 

B.3.1.4  Flight  Executive  (FLTEXEC)  System  Tables 

Table  itO  - UCUADDR  - List  of  Addresses  for  Getting  Computer  Data. 

List  of  16  bit  address  words,  one  word  for  each  8 bit  of  computer  data  wanted  by 
OBC.  Addresses  are  sent  In  bursts  of  cycle-steal  I/O  (DMA)  at  Intervals 
controlled  by  Executive  Scheduler  Table,  ff2.  The  following  format  of  address 
words  Is  used: 

18  16  12  ; 11  10  J 9 1 


I ! 


RIU  ^ 

I 

Da 

Ty 

I 

ta 

pe 

1 

Channel  1?  (out  of  RID) 

0=»condltloned  analog 

l=8erial  digital 
2“actlve  analog 
3»bllevel 


Table  i?l  - UCADDRNO  - Number  of  Addresses  to  be  Sent  for  Getting  Computer  Data 


5 


I 

■J 


I 

i 

•1 


1 

■4 


1 

i 


One  word  entry  which  specifies  the  number  of  addresses  to  be  sent  for  getting 
computer  data. 


Table  in  - USCHED  - Scheduler  Table 
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This  table  schedules  the  periodic  flight  executives  activities.  It  is  processed 
by  the  clock  interrupt  (interrupt  #5)  which  occurs  every  16  msecs.  On  each 

Interrupt  the  executive  examines  the  table  entry  to  determine  what  action  should 
be  taken.  After  the  entry  is  processed, , the  table  pointer  is  Incremented.  When 

the  end  of  the  table  is  reached,  the  pointer  returns  to  the  start'  and  'long 

period  processing  is  performed  (Table  i?3).  The  length  of  the  table  is  64 
entries,  therefore,  one  cycle  through  the  table  is  1.024  sec  (l.e.  64  x 16 

msec) . 

Each  table  entry  consists  of  one  18  bit  word  with  the  following  format: 

18  17  16  1 


0 1> 

^0  SpecificaCio 

1 

n of  Action 

1 

“l  get  a burst  o 

“0  no  action 

j<15  executive  snap  action  whose  number  is 
given 

M6  request  execution  of  an  application 
processor  (the  number  here  is  the 
relative  location  of  the  PCT  for  the 
processor) 

f computer  data 

Table  - ULPROC  - Table  of  Long-Period  Application  Processors 


Processors  Chat  require  execution  periods  longer  than  the  1.024s  provided  by 
table  USCHED  are  scheduled  by  using  the  long-period  processing  table.  The 
execution  intervals  must  be  multiples  of  the  length  of  table  USCHED. 
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Each  table  entry  consists  of  4 words: 


Table  (?4  - US^’.\PTBL  - Table  of  Snap  Actions 


Snap  actions  are  relatively  short  ptoceasors  that  are  executed  within  thr  16  ms 
clock  interrupt  routine  and  will  delay  whatever  ether  processor  is  going  on.  The 
normal  starting  and  terminating  time  of  a processor  (500  - 550  msec)  Is  not 

requited  when  using  snap  actions.  The  relative  location  of  each  snap  action  In 

this  table  Is  Insetted  In  Table  USCHED,  ^2.  A maximum  of  15  snap  actions  can  be 

defined  and  location  0 must  not  be  used. 

Table  <15  - ULPSNAP  - Table  of  Long  Period  SNAP  ACTIONS 

Long  period  snap  actions  are  scheduled  In  the  same  way  as  long-period  processors 
and  are  controlled  by  this  table.  The  format  of  each  table  entry  Is  identical 
to  that  used  for  long-period  processors,  except  that  the  last  word  of  each  entry 
gives  the  absolute  address  of  the  snap  action. 

Table  #6  - UTRPLOC  - Table  of  Buffer  Locations  for  Reports  in  the  OBC 

Contribution  to  Telemetry 

The  OBC  can  contribute  up  to  a maximum  of  26  words  to  each  minor  frame  of 

telemetry.  The  first  word  (word  35  of  the  minor  frame)  gives  the  report  number, 


B.3-6 
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end  Che  remaining  words  give  Che  data  being  reporced.  The  first  word  Is  sent 
directly  by  the  frame  sync  Interrupt,  while  the  remaining  words  go  by  means  of  a 
cycle-steal  operation,  Initiated  by  the  frame  sync  Interrupt.  Each  processor 
stores  data  In  a buffer  in  Its  own  data  area.  The  frame  Interrupt  moves  this 
data  from  the  processors  buffer  to  the  buffer  from  which  it  will  be  transmitted. 
The  address  of  the  data  In  the  processor's  buffer  Is  contained  In  this  table, 
6b. 

Table  67  - UTRPTIDS  - Table  to  Control  the  Cycle  of  Reports  In  the  OBC 

Contribution  to  Telemetry 

This  table  gives  the  cycle  of  reports  to  be  sent  out  In  the  telemetry  stream. 
Each  entry  word  gives  the  report  6 to  be  sent  down  In  telemetry  word  ^35*. 

Table  #10  - UPCT  - Table  of  Processor  Control  Table 

The  flight  executive  controls  the  execution  of  the  processors  through  the  usa  of 
Processor  Control  Tables  (PCT).  Each  processor  has  Its  own  PCT  which  Is  used  to 
start  or  restart  tlie  processor.  The  order  of  the  PCT'a  stored  In  the  OBC  memory 
dcterialnes  the  ID#  assigned  to  each  processor. 

The  format  of  each  PCT  consists  of  16  words,  18  bits  long: 


0r?’ri^7!!  r,:;  r . 
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Table  B.3.1-1.  Processor  Control  Table  Format 
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Table  i?ll  - Processor  Priority  Table 

The  relative  priority  of  each  processor  is  ST>eclfled  by  its  location  in  this 
table.  The  lower  the  entry  number  in  the  table,  the  higher  the  priority.  Each 
processor  . has  a single  entry  in  UPPT  which  gives  the  location  of  the  PCT  in 
Table  <flO. 

Each  time  a processor  is  requested  during  the  16  ms  Interrupt,  its  priority  is 
compared  to  that  of  the  processor  currently  executing.  If  the  latter  is  lower 
in  priority,  it  is  cut  off  and  the  information  needed  for  restart  is  stored  in 
UPCT.  After  the  newly  started  processor  is  executed,  the  previous  processor  is 
resumed  as  long  as  there  is  no  higher  priority  processor  waiting  to  be  executed. 

Table  &12  - DATAREF  - Data  Reference  Table 

This  table  contains  a list  of  data  which  processors  can  retrieve  by  name  using 
library  procs  (macros).  The  table  contains  one  entry  for  each  data  item 
referenced  by  any  processor: 

18  8 1 


2.  subcom  data 

3.  data  obtained  directly  by  computer 

The  table  must  be  changed  when  the  addresses  of  the  data  items  change;  l.e.  may 
change  when  telemetry  format  is  changed. 

Table  il*13  - QMEMCK  - Parameters  for  Processor  MEMCK 

Details  of  this  table  are  in  Section  B.3.21. 

Table  f?14  - QLIMITS  - Limits  for  Memory  to  be  Checked  by  MEMCK 
Details  of  this  table  ate  in  Section  B.3.21. 

Table  i"15  - QMONITQR  - List  of  Memory  Locations  to  be  Monitored  by  Processor 

MONTOR 

This  processor  will  monitor  a maximum  of  18  words  of  memory  and  report  their 
concents  through  the  OBC  contribution  to  telemetry,  report  /MO-42.  The  addresses 
of  the  words  to  be  monitored  are  listed  in  this  table.  See  Section  B.3.14. 
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Table  #16  - FAILCMDS  - List  of  Failure  Detection  Signal  Cmds  to  be  Sent  by 

Processor  FAILCK 

Processor  FAILCK  periodically  sends  pulse  commands  (If  Q0KSW«0)  to  several  parts 
of  MMS  hardware  to  prove  It  Is  functioning. 

Each  command  must  be  received  at  1.024s  +100  ms  Intervals  but  there  Is  no 

requirement  as  to  the  relative  timing  of  different  commands  sent  to  different 
parts  of  the  hardware.  One  command  Is  sent  from  this  table  each  time  the 
processor  FAILCK  is  executed.  FAILCK  must,  therefore,  be  executed  several  times 
during  the  1 .C24s  Interval  In  order  to  send  all  the  commands  in  the  table-  At 
present  the  processor  sends  3 commands,  one  to  each  of  the  3 major  hardware 
modules:  Command  and  Data  Handling,  Attitude  Control  System,  and  Power.  See 

Section  B.3.14. 

Table  #17  - FLC>tDEND  - End  of  Table  Test  for  Sending  Failure  Detection  Signals 

If  the  number  of  commands  In  Table  #16  Is  changed  In  orbit,  the  1 word  entry  In 
Table  #17  must  be  loaded  with  a value  equal  to  2 less  than  twice  the  number  of 
cmds.  See  Section  B.3.14. 

Table  #18  - QOKSW  - Hardware  Failure  Switch 

This  table  covisists  of  I entry  whose  value  Is  set  to  1 by  the  processors  CMDTST 
and  MEMCK  when  they  find  errors  and  is  Initialized  to  0 by  section  IN'IT  In  deck 
FLTEXEC.  When  Q0KSW=*1,  processor  FAILCK  will  stop  sending  the  failure  detection 
s Ignal . 
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Table  i?19  - QSCMD  - Parameter  for  C&DH  Test  Processor 
Not  used  after  launch 

Table  020  - QCMDINHL  - List  Used  Co  Selectively  Inhibit  Sending  of  Absolute 

Timed  Cmds 

The  Absolute  Time  Command  Processor  sends  commands  from  the  stored  command 
buffer  when  the  18  low  order  bits  of  the  time  tag  equal  the  18  low  order  bits  of 
the  OBC  clock.  In  the  9 high-order  bits  of  the  time  tag,  bits. 22-25  can  be  used 
to  inhibit  sending  a command  if  certain  unpredictable  conditions  exist  at  the 
time  the  command  is  scheduled  to  be  sent.  Bits  22-25  of  the  time  tag  are  used 
as  an  index  to  pick  up  a v>ord  listed  in  Table  020.  If  this  word°0,  then- sending 
of  the  command  is  Inhibited. 

Table  //21  - TMPARAM  - Check  TLM  Input 

The  flight  executive  will  check  telemetry  as  it  is  read  in  to  ensure  its 
accuracy.  Checking  la  done  during  the  frame  sync  Interrupt  and  is  controlled  by 
5 parameters  listed  in  this  table. 


“ 0,  check  will  be  skipped 
“ 1-127,  word  0 of  telemetry  to  be  checked 


- mask  to  be  applied  to  telemetry  word 


- value  which  should  equal  the  masked  word 


“ 0,  erroneous  frames  won't  be  stored 
< 0,  address  of  a set  of  128  word  buffers 
where  bad  frames  are  to  be  stored 


- number  of  buffets  in  the  set 
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Table  #22  - MEMBANXS  - List  of  Banka  to  be  Tested 

The  processor  MEMTST  can  be  used  Co  teat  memory  hardware  for  one  or  more  logical 
banks  of  4096  words  by  storing  and  reading  a set  of  72  worst  case  bit  patterns 
In  each  word.  This  list  of  banks  to  be  tested  la  found  in  Table  #22. 

Table  #23  - MEMBANTL  - Number  of  Banka  In  List 

1 word  entry  glvlirg  the  number  of  banka  to  be  tested  by  MEMTST. 
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B.3.2  GYRO  DATA  (GYROD) 

B.3.2.1  Gyro  Data  (GYROD)  Processor  Description 


The  Gyro  Data  Acquisition  Module  (GYROD)  is  a priority  level  1 task  scheduled 
for  execution  every  64  ms  by  the  flight  executive.  GYROD  has  a processor  number 
of  1.  The  input  gyro  data  used  by  GYROD  is  contained  in  the  computer  data 
buffer.  The  objective  is  to  process  the  gyro  data  and  output  actuator  control 
commands  in  a minimum  time.  . This  objective  is  achieved  by  scheduling  GYROD  on 
the  Executive  Select  Table  (EST)  entry  Immediately  following  the  acquisition  of 
computer  data.  Therefore,  the  GYROD  EST  entries  are  2,  6,  1C,  14,  etc. 


During  its  4 msec  execution  time,  GYROD  performs  functions  related  to  the 
acquisition  and  processing  of  gyro  data.  These  functions  Include  accessing  the 
raw  gyro  data  and  formatting  it  for  numerical  processing;  prefiltering  the  gyro 
data  to  remove  the  effects  of  high  frequency  vehicle  motion;  and  outputting  the 
raw  gyro  data  to  the  Payload  Correction  Data  (PCD)  formatter.  The  subroutines 
that  comprise  GYROD  are: 

1.  GYROCNTRL  - GYROD  Control  Component 

2.  GYROFMT  - Gyro  Data  Formatter 

3.  GYROFLTR  - Gyro  Data  Prefilter 


4.  GYROPCD  - Gyro  Payload  Correction  Data  Processing 

B.3.2. 2 Gyro  Data  (GYROD)  Processor  Operation 
B.3.2. 2.1  GYROCNTRL 


The  GYROD  control  component  sequences  the  processing  of  the  gyro  data.  It  calls 
the  GYROFMT  and  GYROFLTR  subroutines.  GYROD  also  calls  subroutine  GYROPCD  if 
the  system  table  entry  GPCDFLG  equals  1.  This  entry  value  Indicates  that  the 
spacecraft  is  in  ACS  mode  4 with  the  Thematic  Mapper  (TM)  on.  A software 
flowchart  of  the  overall  GYROD  processor  is  shown  in  Section  B.3.2. 6. 

B.3.2. 2. 2 GYROFOT 

GYROFMT  samples  the  raw  gyro  data  from  both  channels  of  each  of  the  3 gyros 
every  64  ns.  Each  channel  generates  a 24-bit  word.  Every  word  is  read  into  the 
OBC  in  3 8-blt  bytes  and  reformatted  into  2 18-blt  words.  An  example  of  a 
24-bit  word,  obtained  from  1 channel  of  1 axis,  that  has  been  reformatted 
appears  below: 
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18 

1? 

10  3 

2 1 

Sign  of 
tics  of 

most  significant 
X gyro  Channel  !?1 

8 middle  bits  of  X gyrp 

1 8 

' 

18 

12 

11 

1 

8 least  significant  bits 
of  X gyro 

1 

not  used 

B.3.2.2.3  GYROFLTR 

GYROFLTR  detects  and  compensates  for  the  effects  of  gyro  data  word  overflow.  If 
2 conditions  are  mat,  it  will  also  filter  the  data  to  remove  the  effect  cf 
vehicle  angular  motion  outside  the  normal  control  loop  bandwidth.  These 
conditions  are:  the  pref liter  must  not  be  disabled  by  the  system  table  flag 
FLTROFF  and,  the  spacecraft  not  be  in  orbit  adjust  mode  7.  Only  one  of  the 
redundant  data  channels  of  each  gyro  is  filtered. 

B.3.2.2.4  GYROPCD 

GYROPCD  formats  the  raw  gyro  data  into  two  serial  magnitude  command  buffers, 
PCDH^BUF  and  PCDL%BOF,  and  then  requests  the  flight  executive  to  issue  them  to 
the  PCD  formatter.  These  commands  will  be  issued  by  the  flight  executive  1C 
msec  after  the  GYROD  interrupt  (i.e.  EST  entries  2 ,6 , 10 , 14 ,etc. ) . Vho  data 
consists  of  3 8-blt  words  obtained  from  each  gyro  channel  in  use.  (That  is  a 
total  of  9 gyro  8-bit  words.)  Since  a aerial  magnitude  command  consists  of  16 
bits,  5 serial  magnitude  commands  are  required.  GYROPCD  is  "'nabled/disabled  by 
the  system  table  flag  GPCDFLG.  The  ground  sets  th  ' ' .isg  to  1 in  order  to 
enable  GYROPCD  only  if  the  ACS  is  in  mode  4 with  the  XM 

B.3.2.3  Gyro  Data  (GYROD)  Software  Constraints 

1.  The  gyro  prefilter  is  operational  only  when  i'10DE=4  and  ICAl>-3.  The 
ground  must  set  the  system  cable  word  FLTROFF  to  1 or  0 to  indicate 
whether  or  not  the  pref liter  is  to  be  enabled. 

2.  The  G'^OPCD  subroutine  is  e.ecuted  only  when  M0DE=4  and  the  T/i  is  ON. 
The  ground  must  set  the  system  table  word  GPCDFLG  to  1 or  0 to 
indicate  whether  or  not  chit  routine  is  to  be  executed. 

B . 3 . 2 . 4 Gyro  Data  (GYROD)  System  Tables 

GYROD  uses  the  data  items  found  in  system  Cable  •■12^  called  GYRODPAR.  For  system 
table,  load  format  see  DFC3  Volume  LII  C;iD. 
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Using 

Entry  Name 

TLM  Type  Subroutine 

Description- 

OYROD 

rsteu  Table  i?24 

- GYRODPAR 

0 

GPCDrLC 

GYROCNTRL 

PayloaJ  correction  data 
processing  enable/disable  flag. 
The  raw  dyro  data  1.'  output  to 
the  PCD  MUX  only  if  MODE=4  and 
TM  is  on. 

- 

0 = disable  GYROPCD  subroutine 

1 =”  enable  GYROPCD  subroutine 

1 

FLTROFF 

F 

GYROFLTR 

Gyro  Prefilter  enable/disable 
flag.  The  ptefilter  is  enabled  j 
only  when  MCDE“4  and  ICAL=3 . | 

• 

i 

0 = disable  prefilter  j 

1 ■=•  enable  prefilter  j 

5 

NGL 

C 

GYROFLTR 

Gyro  accumulator  overflow  test  i 

limit;  value  is  0100000. 

i 

6 

GPAl 

C 

GYROFLTR 

i 

Gyro  prefilter  coefficient; 
value  is  0320000. 

7 

NGSPl 

C 

GYROFLTR 

Gyrod  parameter  equal  to 
(NGS+1);  value  is  0.839E+07. 

9 

NGSKl 

C 

GYROFLTR 

Gyrod  parameter  equal  to 
(NGS+1)/(2*GPB1) ; value  is 
0.447E+08. 

11 

.VGSK2 

C 

GYROFLTR 

(NGS+l)/(2*GPBl**2) ; value 
is  0.477E+09. 

13 

NGSK3 

C 

GYROFLTR 

~[NGS/(2*GPB1)] ; value  is 
-0.447E+08 

15 

NGSK4 

C 

GYROFLTR 

-[NGS/(2*GPB1**2) ] ; value  is 
-0.477E+09. 

• 

B.3-15 
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Entry  Name 


Using 

TLM  Type  Subroutine 


Description 


17 

NGSK5 

C 

GYROFLTR 

19 

NGSK6 

C 

GYROFLTR 

21 

NGSK7 

c 

GYROFLTR 

23 

NGSK8 

c 

GYROFLTR 

25 

NGTEMP 

GYROFLTR 

1/(2*GPB1);  value  is  0.533E+01 

1/(2*GPB1**2);  value  is 
0.569E+02 

GP31*GPB1;  value  is  0.879E-02 

-NGS;  value  is  -0.839E-K)7 

Gyrod  temporary  storage 
locations 


B.3.2.5  Gyro  Data  (GYROD)  Teleaecry  Reports 
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GRYOD  can  be  monitored  by  OBC  TLM  Report  whose  mnemonic  is  AsCOl.  The  report 
occurs  in  TLM  minor  frames  8,  40,  72  and  104.  The  telemetered  parameters  appear 
In  columns  109-126.  Column  35  contains  the  report  # (t.e.  §1). 


OBC  TLM  Report  ?1  - ACSOl 


all^nmont;  or  bias  erroif:. 

NC  arc.  rho  product  of 

I'YKOn.TU  of  the  UYKOn  processor. 
(SCr)  f.tiLMi  tai;uts  those  dat.i  to 
calculate  the  >jyro  ilifforonco 
vlaCa  . (ilYIU  ( 1 ) *N(U  1)  K”NH:  ( T'»  H . 
whori 
of  NiHOl- 
i s v' a 1 1 I'd 

MOllK  - ■< 

. 1 J s t'v' 

(ilYiM;’ (1 '>  Is  calculated  ovotv 
I'idior  cal  line,  of  the  Sdl'. 


U ) F is  the 

■past  roadino. 

F and  1 

1 - N. 

Y.2.  ..  Tho  FCl' 

d o.ich 

. 2 ' .i  n 

^•,oc  and  if 

. Vho 

AGt  1 

s called  each 

nn  do  r 

t hosi' 

oond  it  ioiis 

ENTRY  i>  1 

name 

1 

GENtRM'lNC  ‘ 
SlIRROirriNE 

DESCRIPTION 

. ! 

DNGX 

, 

GYROFLTR 

(roll) 

• Raw  pyro  difference  data  from 

\ 

\ 

1 

GYROFLTR  of  the  gyro  data 
acquisition  processor  GYROD. 

9 

PNGY 

GYROFLTR 

(pitch) 

" DNGX,  Y,  Z is  not  filtered  or 

12  • 

ONGZ 

OYROr.LTR 

(yaw) 

compensated  for  m Isal  l.gnment  or 
bias  errors 

• The  GYROD  I’roces.sor  is  called  each 

} 

1 

1 1 
: 

' 

1 IS 

: 

ng';f 

GYROFLTR 

, 

( ro  1 1 ) 

.064  .sec  and  inputs  the  contents 
of  the  t>  ITP  24  bit  pyro  data 
registers  and  stores  Che  data  in 
NGXl,  NGX2.  NGYl,  NCY2,  NGZ2. 

DNGX,  Y,  arc  then  the  difference 

between  successive  roudinga  of 
the  selected  channels:  NCXl 

or  NGX2,  NGYl  oi  NGY2 , NG21  or 
NG22  . 

* Total  gyro  angular  data  input 

i 

1 

1 IS 

NGYF 

GYROFLTR 

(pitch) 

each  0.()4  sec  from  tl'cc  ITI'. 
(The  3 selected  channels  only' 

• The  data  ts  filtered  by  Che  2 

i 

1 

i 

i 

• NGZF 

GYROFLTR 

(yaw) 

stage  filter  of  GYROFLTR  unless: 
MODE  " 7,  or  TUKEST  " 1,  or 
MODE  - 1 . or  THRUST  «■  0;  Init  Che 
data  is  not  eempensat ed  for  mis- 

I 

"1 

'a 

i 
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B.3.3  SEPARATION  DETECTION  (SDTECT) 

B.3.3.1  Separation  Detection  (SD'fECT)  Processor  Description 

The  separation  of  the  spacecraft  from  the  Delta  launch  vehicle  Is  detected  by 
the  routine  SDTECT,  flowcharted  in  Section  B.3.3. 6.  The  spacecraft  Is  attached 
to  the  Delta  by  3 bolts.  After  launch,  the  Delta  explodes  these  bolts  to  free 
Che  spacecraft.  The  separation  Is  sensed  by  2 magnetic  switches,  A and  B; 
SDTECT  will  activate  the  Gyro  Prefllter  and  Spacecraft  Control  Processor  when 
either  switch  Is  found  closed.  Once  separation  has  been  detected  (both  switches 
closed)  on  3 consecutive  execution  cycles,  SDTECT  will  activate  the  Solar  Array 
Deploy  Processor  and  deactivate  Itself.  It  will  output  this  separation  time  In 
Che  SOL/\RD's  TLM  report.  Prior  to  deactivation,  SDTECT  is  executed  once  every 
1.024  sec.  It  has  a processor  number  and  prlorlcj'  number  of  5. 

B.3.3. 2 Separation  Detection  (SDTECT)  Processor  Operation 

See  Section  B.3.3. 6 for  detailed  processor  operation. 

B.3.3, 3 Separation  Detection  (SDTECT)  Software  Constraints 

None 

B.3.3. 4 Separation  Detection  (SDTECT)  System  Tables 
None 

B . 3 . 3 . 5 Separation  Detection  ( SDTECT)  Telemetry  Reports 

The  time  at  which  spacecraft  separation  Is  detected  for  3 consecutive  tines, 
SDSEPT>{E,  Is  output  In  SOLARD's,  TIM  which  has  the  raneumonic  SDPLOYOl.  This 
telemetry  appears  in  OBC  TLM  report  #36,  minor  frame  #1. 

B.3.3. 6 Separation  Detection  ( SDTECT)  Flow  Charts 
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B.3.4  SOLAR  ARRAY  DEPLOYMENT  (SOLARD) 


B.3.4.1  Solar  Array  Deployment  (SOLARD)  Processor  DescrlpClon 

SOLARD  is  activated  by  the  Spacecraft  Separation  Detect  Module  SDTECT  when  it 
detects  separation  three  consecutive  times.  It  is  then  executed  once  every  5.12 
sec  before  it  is  deactivated.  SOLARD's  processor  number  and  priority  are  both 
3. 


The  function  of  the  Solar  Array  Deploy  Module  ’‘SOLARD"  is  to  deploy  the  Solar 
Array  (SA)  panel.  SOLARD  accomplishes  this  function  by  determining  which  side 
of  the  Spacecraft  Condition  and  Control  Unit  (SC&CU)  is  on.  Once  the  on  side 
has  been  determined,  the  appropriate  commands  will  be  sent  to  the  SC&CO  -to  arm 
the  deploy  circuitry  and  pyro  bus.  Both  sets  of  pyros  will  be  fired.  Commands 
will  then  be  sent  to  safe  the  deploy  circuitry  and  pyro  bus.  Commands  will  also 
be  sent  to  the  Power  Distribution  Unit  (PDU)  to  configure  the  PDU  and  to  extend 
(deploy)  Che  SA  panel.  SOL/\RD  will  deactivate  Itself,  once  It  has  deployed  the 
panel  or  when  SOLARD  is  unable  to  complete  an  event  in  the  deployment  sequence. 


SOLARD 

Is  comprised 

of  Che  following  9 subroutines: 

1. 

SOLARD 

- SOLARD  Main  Routine 

2. 

SOSCCU 

- Configure  SC&CU 

3. 

S0AR.MCIR 

- Arm  Deploy  Circuitry  and  Pyros 

4. 

SOFRPYRO 

- Fire  Pyros 

5. 

SDCONPDU 

- Configure  Che  PDU 

6. 

SDEPLOY 

- Deploy  Solar  Array 

7. 

SDELAY 

- 100  Millisecond  Delay 

8. 

SDMRUB 

- Manipulate  PDU  Remote  Unit  Bits 

9. 

PDUX STRAP 

- Perform  Cross-Strapping  of  PDU  and  RfU 

B.3.4. 2 

Solar  Array 

Deployment  (SOLARD)  Processor  Operation 

B.3.4. 2 

. 1 SOLARD 

Once  It  Is  activated  by  SDTECT,  SOLARD  will  be  scheduled  for  execution  every 
1 .024  sec.  The  flowchart  shown  in  Section  B.3.4. 6 describes  this  routine.  If 
it  Is  requested,  processing  will  commence  with  Che  Inltiallcation  of  the  module 
and  the  recording  of  spacecraft  separation  time  (SDSEPTME)  In  SOLARD's  telemetry 
report.  Otherwise,  processing  commences  with  the  calling  of  Che  subroutine 
associated  with  the  current  value  of  SOLARD's  function  flag  (SDFUNCT).  SDFUNCT 
will  not  be  altered  by  the  subroutine  If  it  the  subroutine  has  more  processing 
to  perform.  SDFUNCT  will  be  Incremented  by  one  If  the  subroutine  successfully 
performs  Its  function.  SDFUNCT  will  be  set  Co  five  by  SDEPLOY  If  the  SA  panel 
Is  successfully  deployed  or  by  any  subroutine  which  Is  unable  to  perform  Its 
function. 
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The  execution  cycle  counter  (EXCYCNTR)  will  be  decremented  by  one  upon  returning 
to  SOLARD.  If  EXCYCNTR  is  greater  than  rero,  the  module  will  be  exited  as  a 
time  delay,  which  la  a multiple  of  the  module's  execution  cycle  (1.02A  seconds). 
No  processor  will  be  performed  until  the  delay  has  timed  out  (EXCYCNTR=0) . If 
EXCYCNTR  Is  less  than  or  equal  to  zero,  the  subroutine  associated  with  the  value 
of  SDFUNCT  will  be  executed. 

The  forementloned  sequence  of  events  will  continue  until  SDFUNCT  is  equated  to 
five.  At  this  time,  processing  will  terminate  with  the  recording  of  the 
termination  time  (SOLARD's  exit  time)  in  SOLARD's  telemetry  report  and  the 
Inhibiting  of  the  module  from  further  execution. 

B.3.4.2.2  SDSCCU 


SDSCCU,  flowcharted  In  Section  B.3.4.6,  determines  the  configuration  of  the 
SCACU . It  must  configure  the  SCiCU  If  It  has  not  been  preconfigured. 
Configuring  consists  of  selecting  RIU  ?4a  and  side  A of  the  SC4CU  or  selecting 
RIU  tfAB  and  side  8 of  the  SC4CU. 


SDSCCU  will  be  executed  a maximum  of  three  times.  If  on  the  first  pass 
(execution  of  SDSCCU)  the  SC4CU  has  been  configured,  SCUSIDEl  will  be  equated  to 
a value  which  Is  Indicative  of  the  side  of  the  SC4CU  which  Is  on.  A return  to 
SOLARD  will  then  be  made  whereby  SDARMCIR  will  be  executed.  If  the  SC&CU  Is  not 
configured,  an  attempt  to  select  RIU  >?4A  and  SC&CU  side  A will  be  made.  On  the 
second  pass,  If  die  SC4CU  was  not  successfully  configured,  an  attempt  to  select 
RIU  J*4B  and  side  B of  the  SC4CU  will  be  made.  Deployment  of  the  solar  array 
will  be  aborted  on  the  third  pass  If  both  at'.cempts  at  conflgvirlng  the  SCiCU 
failed.  If  either  attempt  at  configuring  the  SCJ.CU  proved  successful  SCUSIDEl 
will  be  equated  as  previously  stated  and  SDARMCIR  executed.  Note,  once  an 
attempt  to  configure  the  SC6CU  Is  made,  the  next  execution  of  SDSCCU  will  be 
delayed  by  a minimum  of  1.024  seconds. 


B.3.4.2.3  SDARMCIR 


The  function  of  SDARMCIR  Is  to  arm  the  deploy  circuitry  and  enabl-'  the  pyro  bus. 
SDARMCIR,  flowcharted  In  Section  B.3.4.6,  accomplishes  this  by  sending  a series 
of  commands,  some  of  which  are  separated  by  a 100  millisecond  delay.  A maximum 
of  two  attempts  at  performliig  the  arming  and  enabling  function,  utilizing 
different  configurations  of  the  SC4CU , will  be  made.  If  either  attempt  Is 
successful,  SDFUNCT  will  be  equated  to  two.  A return  to  SOLARD  will  be  made 
whereb'’  SDFRi’VRO  will  be  exev'.uted.  If  neither  attempt  proves  successful, 
SDAR.MCIR  will  abort  the  deployment  of  the  SA.  Following  each  attempt,  SDARMCIR 
initiates  a 1.024  second  delay  and  returns  control  to  SOLARD. 
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B.3.4.2.4  SDFRPYRO 

SDFRPYRO's  function  Is  to  fire  both  sets  of  pyros,  safe  the  deploy  circuitry  and 
disable  the  pyro  bus.  These  tasks  are  accomplished  by  sending  a series  of  five 
commands  to  the  SC&CU  shown  In  Section  B.3.4.6.  A 5.12  second  delay  Is 
initiated  between  the  FIRE  SET  1 and  FIRE  SET  2 commands.  The  delay  Is 
Initiated  by  SDFRPYRO  but  Implemented  by  SOLARD.  The  other  three  commands  have 
100  msec,  delays  between  them.  SDFUNCT  will  be  equated  to  three  after  sending 
the  fifth  command.  A return  to  SOLARD  Is  made  whereby  SDCONPDU  is  executed. 

B.3.4.2.5  SDCONPDU 


SDCONPDU,  flowcharted  in  Section  B.3.4.6,  prepares  the  PDU  to  extend  the  SA. 
Sending  Set  ffl  of  the  PDU  commands  accomplishes  this  task.  Before  sending  the 
commands,  SDCONPDU  must  determine  which  RIU  (i?6A  or  ?6B)  is  to  be  used.  SDMRUB 
is  then  called  and  the  remote  unit  bit  In  all  PDU  pulse  commands  set 
accordingly.  A major  frame  delay.  Implemented  by  SOLARD,  is  then  Initiated  by 
SDCONPDU.  Once  the  delay  has  timed  out,  bits  in  telemetry  point  TPDU01W2  vlTl 
be  examined  to  determine  if  the  commands  are  accepted.  If  they  are,  SDFUNCT 
will  be  equated  to  four.  A return  to  SOLARD  Is  made  and  SDEPLOY  executed. 


If  the  commands  are  not  accepted,  the  PDU  will  be  reconfigured.  Reconfiguring 
consists  of  calling  the  subroutine  PDUXSTRAP  which  calls  the  executive  to  send 
the  command  to  switch  either  the  PDU  side  or  PDU  RIU  1-6.  Set  9l  Is  again  sent 
to  the  PDU.  If  the  commands  are  accepted,  SDFUNCT  will  be  equated  to  four  and 
SDEPLOY  executed. 


The  design  of  subroutines  SDCONPDU  and  SDEPLOY  assumes  that  Set  Si  and  Set  of 
Che  PDU  comniands  do  not  and  will  not  contain  commands  which  are  a function  of 
the  PDU  side  (PDUSIDE2).  Hence,  one  does  not  need  to  knov  which  side  of  Che  PDU 
Is  on  in  order  to  send  either  set  of  commands. 

B.3.4.2.6  SDEPLOY 

SDEPLOY,  flowcharted  In  Section  B.3.4.6,  deploys  (extend)  the  SA  and  Chen 
terminates  Itc  deployment.  Deployment  is  accomplished  by  sending  command  CMDB 
(8)  to  the  PDU  and  initiating  a 20  minute  delay.  The  delay  is  Implemented  by 
SOLARD.  Once  the  delay  is  over,  SDEPLOY  terminates  the  deployment  by  sending 
Set  !l2  of  Che  PDU  pulse  commands  to  Che  PDU.  A bit  In  telemetry  point  TPDUOlWl 
is  examined  to  determine  the  status  of  the  SA.  If  Che  SA  deployed,  SDFUNCT  will 
be  equated  Co  five.  A return  to  SOLARD  will  be  made  whereby  module  processing 
will  be  terminated. 
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If  the  SA  did  not  deploy,  the  PDU  will  be  reconfigured  as  described  in  SDCONPDU. 
Control  will  be  passed  to  SDCONPDU  to  once  again  prepare  the  PDU  to  extend  the 
SA.  If  SDCONPDU  performs  its  function  successfully,  SDEPLOY  will  be  called  and 
a second  attempt  made  to  extend  the  SA.  Module  processing  will  be  terminated 
regardless  of  the  outcome  of  the  second  attempt. 

B.3.4.2.7  SDELAY 

SDELAY,  flowcharted  in  Section  B.3.4.6,  Implements  100  millisecond  delays  which 
are  requested  by  SDARMCIR  and  SDFRPYRO.  SDELAY  performs  this. task  by  acquiring 
the  scheduler  table  pointer  CSCHEDP  and  storing  it  in  SDSCHEDP.  The  Executive 
Increments  CSCHEDP  by  one  every  16  milliseconds.  SDELAY  continuously  samples 
CSCHEDP  and  compares  it  to  SDSCHEDP.  A return  to  SDARMCIR  will  be  made  once  the 
difference  between  the  two  values  equals  or  exceeds  six. 

B. 3 .4.2.8  SDMRUB 

SDMRUB,  flowcharted  in  Section  B.3.4.6,  is  referenced  by  SDCONPDU  and  SDEPLOY. 
SDHRUB's  function  is  to  manipulate  the  remote  unit  bit  in  all  PDU  pulse  commands 
as  specified  by  an  argument.  Remote  unit  bits  will  be  cleared  if  the  argument 
equals  zero,  set  if  equal  to  one  or  inverted  if  equal  to  two.  Commands  CMDB  (1) 
thru  CMDB  (4)  will  be  readily  manipulated  as  they  are  PDU  pulse  commands.  Set  i?l 
and  Set  f'/2  of  the  PDU  pulse  commands  will  be  scanned  for  pulse  commands  as  the 
present  composition  of  the  sets  are  known  but  is  subject  to  change.  Processing 
ends  with  a return  to  the  calling  subroutine. 

B.3.4.2.9  PDUXSTRAP 

PDUXSTRAP,  flowcharted  in  Section  B.3.4.6,  is  called  by  the  subroutines  SDCONPDU 
and  SDEPLOY  to  reconfigure  the  PDU.  Reconfiguring  consists  of  sending  either 
commands  CMDB(3)  or  (4)  to  switch  PDU  sides  or  commands  (1)  and  (2)  and 
selecting  the  other  RIU.  The  other  RIU  is  selected  by  calling  SDMRUB  to  invert 
the  remote  unit  bit  in  all  PDU  pulse  commands. 

B.3.4.3  Solar  Array  Deployment  (SOLARD)  Software  Constraints 


None 


B . 3 . 4 . 4 Solar  Array  Deployment  ( SOLARD)  System  Tables 

The  SOLARD  processor  uses  the  data  items  found  In  system  table  i?69  which  is 
called  SDSYSTAB.  For  system  table  load  format,  see  DFCB  Vol  III  CMD. 
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% 

Entry 

Name 

TLM 

Type 

Subroutine 

Description 

SOLARD  System  Table 

069 

- SDSYSTAB 

j. 

\ 

0 

MFRMTIME 

C 

SDCONPDU 

A one  major  frame  delay  is 
Implemented  by  SOLART  after 
SDCONPDU  sends  command  (5)  to 

select  the  SA  hinge.  Tl.e 
value  of  MFRMTIME  equals  the 
number  SOIARD  executions  ir. 

1 major  frame  (l.e.  16). 

1 

DPDLTIME 

c 

SDEPLOY 

20  minute  delay 
(l.e.  236*5)  is  Implemented 
by  SOLARD  after  SDEPLOY  sends 
command  (8)  to  the  PDU  to 
deploy  the  SA. 

2 

LSNSETl 

c 

SDMRUB 

Number  of  PDU  commands  in  Set  ffl; 
it  is  initialized  to  1.  Sot  01 
consists  of  CMDB  (5). 

3 

LEN'SET2 

c 

SDMRUB 

Number  of  ?DU  command  in  set  If2\ 
it  is  initialized  to  3.  SET  02 
consists  of  CMDB  (9),  (10)  and 
(11). 

. 

4 

SDSVSTAB 

c 

SDMRUB 

MSH  of  PDU  CMC3  (5)  in. 

SDCONPDU 

set  f7l;  Its  value  is  76. 

20 

SDSYSTAB 



SDCOtlPDU 

_ LS:i-of"PDU  CMDB  (5)  in 

set  1*1;  its  value  Is  19. 

36 

SDSYSTAB 

c 

SDMRUB 

MSH  of  PDU  CMDB  (9)  in 

SDEPLOY 

set  02;  its  value  is  12. 

37 

SDSYSTAB 

c 

SDMRUB 

MSH  of  PDU  CMDB  (’0)  in 

SDEPLOY 

set  02;  its  value  is  76. 

38 

SDSYSTAB 

c 

SDMRUB 

MSH  of  PDU  CMDB  (11)  in 

SDEPLOY 

set  02;  its  value  is  75. 

I 
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Entry 

Name  TLM 

Type 

Using 

Subroutine 

Description 

■fl 

V.J 

■'■0 

52 

SDSYSTAB 

C 

SDEPLOY 

LSH  of  PDU  CMDB  (9)  In 
set  f?2 ; Its  value  Is  0200036 

'i 

\* 

f 

1 

3 

53 

SDSVTAR 

C 

SOEPLOY 

LSH  of  PDU  CMDB  (10)  In 
set  92;  Its  value  Is  59. 

54 

SnSYSTAB 

C 

SDEPLOY 

LSH  of  PDU  CMDB  (ll)  in  - 
set  92;  Its  value  Is  52. 

1 

4 

68 

DFSTOP 

F 

SDEPLOY 

Stop  flag  for  reconfiguring 
RIU/PDU;  value  equals  0. 

the 

69 

DFSTOP 

F 

SDEPLOY 

Stop  flag  for  reconfiguring 
RIU/PDU;  value  equals  1. 

the 

% 

[ 

70 

DFSTOP 

F 

SDEPLOY 

Stop  flag  for  reconfiguring 
RIU/PDU;  value  equals  1. 

the 

] 

B 


ORfG.'WAL  page  is  SVS-10266 

OF  POOR  QUALITY  Appendix  B 

31  December  1981 

B.3.4.5  Solar  Array  Deployment  (SOLARD)  Teleaecry  Reports 

The  SOLARD  processor  can  be  monlcored  by  the  OBC  TLM  Report  #36  whose  mnemonic 
la  SDEPLOY  01.  This  report  appears  In  columns  91-95  and  108-127  of  minor  frame 
#1.  Column  35  contains  the  report  0 (l.e.,  ^36). 


Entry 

If 

Name 

Generating 

Subroutine 

Desct Iptlon/Comment 

OBC  TLM 

Report  ^*36  - 

SDEPLOY  01 

0 

SDSEPTME 

SDTECT 

Time  that  separation  was  detected  3 
consecutive  times 

3 

SDTEMP 

SOLARD 

Solard  exit  time 

6 

SCUSIDEl 

SDSCCU 

Indicates  which  side  of  SCGCU  Is  on 
0“A  on,  1°B  on 

7 

PDUSIDE2 

PDUXSTR.VP 

Indicates  which  side  of  PDU  is  on 
0“A  on,  l“B  on 

*8 

ARMLOOPl 

SDARMCIR 

if  unsuccessful  attempts  to  arm  deploy 
circuitry  and  pyros 

9 

PDUL00P2 

SDCONPDU 

if  unsuccessful  attempts  to  configure  PDU 

*10 

DEPLOOP3 

SDEPLOY 

If  unsuccessful  attempts  to  deploy  solar 
array  panel 

1 1 

PDUXLOOP 

PDUXSTRAP 

If  attempts  at  configuring  the  PDU/RIU 

* TLM  alarm:  ARMLOOPl-2 

DELOOP3“2 


B.3.4.6  Solar  Ar  ray  Deployment  (SOLARD)  Flow  Charts 
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OSTERMINS  W 
ON  TSCCUIO 
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! NEITHER  SIDE 
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MUST  CONFIG 
SC&CU. 
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SCSCU  RIU 
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ITtCCUll  tXTRACTtO 
FROM  COMPUTER  DATA. 
tF6tTE*0.  RI’J  C4AI8  0N. 
\f  BtTI*>.RtU«4G1SON. 


RIU  BIT  10  IN 
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Figure  B.3.4-7.  SDELAY  Flow  Chare 
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B.3.5  GPS  DATA  ACQUISITIOM  (TDA) 

B.3.5.1  GPS  Data  Acquisition  (TDA)  Processor  Description 

The  function  of  the  GPS  Data  Acquisition  Processor  is  the  acquisition  and 

storage  of  GPS  file  7 data  for  processing  by  the  GPS  Flight  Segment  Ephemeris 
Coefficient  Update  Processor  (GCUP). 

This  processor  is  a foreground  processor  and  is  normally  executed  every  0.128 
seconds,  or  8 times  every  cycle  of  the  Flight  Executive  Schedaler  Table.  This 
Is  ihc  time  of  one  GPS  minor  frame  of  data  at  the  8 kbps  telemetry  rate. 

Howevjr,  when  the  telemetry  rate  is  1 kbps,  this  processor  is  executed  every 
1.02*  seconds. 

The  GPS  Data  Acquisition  Processor  consists  of  4 subroutines  and  a control 

function  TACQ.  These  subroutines  are  listed  in  Table  B.3.5-1  and  are  diagrammad 
in  Figure  B.3.5-1. 

Tests  are  performed  to  determine  if  the  GPS  data  buffer  is  free  and  if  GPS  file 
7 data  is  available.  The  status  of  the  GPS  data  buffer  is  set  by  a flag 
(GiVLFLAGA)  in  the  GPS  Ephemeris  Coefficient  Updata  Processor  (GCUP).  The 
availability  of  GPS  file  7 data  is  checked  by  unpacking  the  data  ready  bit  in 
the  GPS  bilevel  word  (GPSBILVL).  If  the  GPS  data  buffer  is  free  (checked  in 
TACQ)  and  if  GPS  file  7 data  is  available  (checked  in  G/VDAQ) , the  processor  will 
score  a GPS  minor  frame  of  data.  The  form  of  GPS  file  7 is  shown  in  Table 

B.3.5-2. 


If  either  of  these  tests  is  unsatisfied,  the  current  file  7 data  set  will  be 
bypassed  by  execution  of  the  resync  process. 

The  GPS  Data  Acquisition  Process...  utilizes  no  system  table  and  generates  no 
telemetry  reports. 

Detailed  processor  de.scription  by  subroutine  is  presented  in  Section  B.3.5. 3 and 
detailed  flow  charts  presented  in  Section  B.3.5. 6. 
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GPS  Data  Acquisition  (TDA.) 

Number: 

Type: 

Priority: 

Period: 

Function: 


foreground 

4 

Nominally  0.128  sec 

Possibly  1.024  sec  (1  kbs  telemetry  rate) 
Acquisition  and  storage  of  GPS  file  7 datr 
for  utilization  by  the  GCUP  processor 


Subro:  nes: 


GACOLD 

GASYNC 

GADAQ 

GABUFFR 


Cold  start  initialization 
Resync 

GPS  data  acquisition 

Store  minor  frame  into  buffer 
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DATA3LK 


Calculate  constant  to  allow  exec  data  to 
be  referenced  by  apniications  processor 

Get  block  of  data  from  main  telemetry 


PCTL 

(UGCUP.REQ.INIT) 


Request  executive  to  execute  GCUP  processor 
with  initialli at  ion 


PCTL 

(UGCUP.REQ) 


Request  'xacutlve  to  execute  the  GCUP 
processor 


System  Tables: 
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Table  B.3.5-2.  GPS  File  7 Data 


NAVIGATION  BEST  ESTIMATE 


Bits 

Uni-s 

Sync  (EDE20)|^ 

20 

NA 

File  ID  » 7 . 

4 

None 

Frarae  ID  = 1 

8 

None 

Checksum 

16 

NA 

Tj^^(TCG) 

48 

ysec 

Time  (GPS) 

43 

sec 

X ECEF  Position 

48 

meter 

Y EC£r  Position 

43 

meter 

Z ECEF  Position 

48 

meter 

X ECEF  Velocity 

32 

meter/ sec 

Y ECEF  Velocity 

32 

meter/ sec 

Z ECEF  Velocity 

32 

met  er/ sec 

UTC  Clock  Bias  (b). 

32 

meter 

UTC  Clock  Bias  Rate  (b) 

32 

meter/ sec 

Drag  Ccnstant  (C^A/2m) 

32 

meter" /kg 

o 

Position  Variance 

32 

meter" 

Velocity  Variance 

32 

(meter/ sec 

Clock  Bias  Variance 

32 

meter” 

Clock  Bias  Rate  Variance 

32 

(meter/ sec 

Coded  Bata 

32 

No.  ci  Valid  time  marks 

16 

Six  time  marks  at 
‘13  bits  eac.d 

2S3 

Total 

944 

- 3-39 
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This  is  done  in  subroutine  GASYNC. 

If  the  tests  are  passed,  the  subroutine  GADAQ  is  executed  and  the  file  7 data 

minor  frame  is  stored  in  buffer.  The  GPS  minor  frame  of  data  consists  of  12 

words  in  Mission  Format  or  5 words  in  Engineering  Format.  When  120  data  words 
have  been  stored,  a request  is  made  for  the  execution  of  the  GPS  FS  Ephemeris 
Coefficient  Update  Processor  (GCUP).  This  is  accomplished  in  the  subroutine 
GADAQ,  after  Checking  to  see  if  the  number  of  stored  words  (GALVOFST)  is  greater 

than  or  equal  to  GALVMXWD  (number  of  stored  words  at  which  point  the  buffer  is 

full).  When  GALVOFST  ^GALVMXWD,  GADAQ  requests  the  Flight  Executive  to  schedule 
the  execution  of  GCUP,  and  resets  appropriate  flags  to  prepare  for  acquisition 
of  new  data. 

B.3.5.2  GPS  Data  Acquisition  (TDA)  Processor  Operation 


The  TDA  Processor  consists  of  the  control  function  TACQ,  and  the  four 
subroutines  as  previously  listed.  A detailed  description  of  the  control 
function  and  the  subroutines  is  presented  in  Sections  B. 3. 5. 2.1  through 
B.3.5.2. 5. 


B.3.5.2. 1 Control  Function  TACQ 


TACQ  is  the  control  function  which  unpacks  the  data  ready  hit  of,  the'GPS  bilevel 
word  and  determines  if  the  resync  process  is  in  effect  (GALFLAG4  <>  0).  The 
resync  processor  (GASYNC)  is  called  whenever  errors  occur  during  data 
acquisition.  Data  is  ignored  until  the  "data  ready"  bit  becomes  zero,  at  which 
time  the  resync  process  terminates  (GAGFLAG4=0) . For  the  next  execution  of  TDA 
after  resync,  the  input  will  be  the  first  set  of  lata  for  a new  file.  If  no 
resync  is  in  progress,  the  routine  GAD.AQ  is  called  to  perform  the  data 
acquisition  process. 


B.3.5.2. 2 GACOLD  Subroutine 


GACOLD  is  the  routine  which  initializes  variables  when  a "cold  start"  condition 
exists  (bit  1 and  2 of  the  ACCUMULATOR  is  set  when  the  module  TDA  is  called). 
These  variables  are  flags  and  counters,  to  define  buffer  ready  status, 
(GAGFLAG3;,  resync  status  (GALFLAG4),  and  cold  start  flag,  and  initializes 
counters  for  data  dropout  and  buffer  not  free. 

B.3.5.2. 3 GASYNC  Subroutine 

GASYiNC  is  the  resync  processor  which  allows  the  Telemetry  Data  Acquisition 
Processor  to  Ignore  any  questionable  input  GPS  file  7 data.  GASYNC  assumes  that 
\ the  data  ready  flag  contained  in  the  GPS  bilevel  word  is  set  when  data  is 

available  and  is  reset  (zero)  when  data  scops.  GASY'NC  checks  the  data  ready 
flag  (GALVDRDY)  and  if  it  is  sec  (ready),  the  resync  process  continues.  If  data 
is  not  ready,  the  resync  flag  is  reset  and  the  resync  process  is  discontinued. 
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GADAQ  first  checks  to  make  sure  the  data  ready  flag  is  set  (GALVDRDY  <>  0).  For 
the  first  GPS  file  7 minor  frame  data,  this  process  checks  the  GPS  input  data 
word  3 and  makes  sure  the  input  if  file  7 data  and  the  sync  words  1 and  2 are 
legal.  If  either  of  these  checks  fail,  the  resync  process  is  initiated  by 
setting  the  flag  GALFLAG4 . If  these  checks  pass,  GADAQ  tests  the  buffer  ready 
flag  (GAGFLAG3).  If  reset  (zero),  this  flag  indicates  that  the  background 
program  (GCUP)  which  uses  the  GPS  data,  is  finished  with  the  buffer  and  new  data 
may  begin  filling  the  buffer.  If  GAGFLAG3  is  set  (non-zero) ,• the  previous  file 
7 data  has  not  been  processed  by  the  background  program  and  the  current  file  7 
data  will  be  considered  lost  and  the  resync  flag  will  be  set.  If  new  data  is  to 
be  acquired,  the  routine  GABUFFR  will  be  called  to  store  the  GPS  file  7 minor 
frame  data.  If  the  buffer  is  not  yet  filled,  control  will  return  to  TDA.  If 
the  buffer  is  full,  the  buffer  ready  flag  is  set  (GAGFLAG3=1)  and  certain 
variables  are  reset  for  the  next  GPS  file  7 data. 


B.3.5.2.5  GABUFFR  Subroutine 

The  routine  which  stores  the  data  from  each  minor  frame  into  the  buffer 
(GAGBGBUF)  is  known  as  GABUFFR.  This  routine  extracts  the  telemetry  format  from 
TMSTATl  of  the  telemetry  data  stream.  If  the  data  is  in  Mission  Format,  the 
first  12  GPS  file  7 words  are  stored  into  the  buffer.  Otherwise,  the  first  5 
GPS  file  7 words  are  scored.  After  the  proper  number  of  words  are  scored,  the 
buffer  pointer  is  adjusted  for  the  next  set  of  GPS  file  7 data. 

B.3.5.3  GPS  Data  Acquisition  (TDA)  Software  Constraints 

TBD 

B.3.5.4  GPS  Data  Acquisition  (TDA)  System  Tables 
None 

B.3.5.5  GPS  Data  Acquisition  (TDA)  Telemetry 
None 

B.3 .5 .6  GPS  Data  Acquisition  ( TDA ) Flow  Charts 
See  Figures  B.3. 5-2  thru  B.3. 5-5. 
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Figure  B.3.5-1.  TDA  Top  Level  Diagrao 
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TELEMETRY  DATA  ACQUISITION 


Figure  B.3.5-2.  TACQ  Flow  Chart 
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FIGURE  B.3.5-4  GADAQ  Flow  Chart 
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FIGURE  B.3.5-5  GABUFFER  Flow  Chart 
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B.3.6  GPS  FS  EPHEMERIS  COEFFICIENT.  UPDATE  (GCUP) 

B.3.6.1  GPS  FS  Ephemerls  Coefficient  Update  (GCUP)  Processor  Description 

The  function  of  the  GPS  FS  Ephemerls  Coefficient  Update  (GCUP)  processor  is  the 
computation  of  extrapolator  coefficients  for  use  by  the  Ephemerls  Computation 
(EPHEM)  processor  for  the  generation  of  GPS-based  Landsat-D  FS  position  and 
velocity. 

This  processor  is  a background  processor  and  is  executed  nominally  once  every  6 
seconds.  The  GPS  FS  Ephemerls  Coefficient  Update  (GCUP)  processor  is  scheduled 
by  the  Flight  Executive  upon  request  by  the  GPS  Data  Acquisition  (TBA) 
processor.  This  occurs  when  GPS  file  7 data  is  available  (120  words  stored  in 
the  GPS  data  buffer). 

The  GCUP  processor  consists  of  10  subroutines  as  delineated  in  Table  B.3.6-1, 
and  diagrammed  in  Figure  B.3.6-1.  Additionally,  the  processor  has  a control 
function  GCUP. 
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GPS  FS  Ephemerls  Coefficient  Update  (GCUP) 


GPS  FS  Ephemerls  Coefficient  Updata  (GCUP) 


Number: 

Type: 

Priority: 

Period: 

Function: 


15 

Background 

12 

6 seconds 

Computes  extrapolator  coefficients  for 
utilization  by  EPHEM  Processor  to  generate 
LS-D  FS  Ephemerls;  activated  by  TDA 
Processor 


Subroutines : 


GUCOLD 

CUTEST 

GUDAT 

GUFCON 

GUFTF 

GUGDCT 

GUCOEFF 

GUINIT 

GUi’ROCGP 

GUECC 


Cold  start  initialization 

Perform  GPS  Data  Checksum  Test 

Convert  and  transform  data 

Perform  GPS  Input  Data  Conversion 

Convert  GPS  Floating  to  NSSC  1 Fixed  Format 

Transform  GPSP  and  V from  ECEF  to  EC 

Calculate  coefficients 

Perform  GPS  Initialization 

Process  grid  point  values 

Extrapolator  coefficients  computation 


System 

Tables : 

If  Mneumonic 

Type 

it  Words 

63  GPERiMIT 

Cons  cant 

4 

64  GMUOR 

Variable 

8 

65  GMINOR 

Variable 

14 

Description 
GPS  Limit  Parameters 
GPS  Coordinate  Transformation 
Major  Parameters 
GPS  Coordinate  Transformation 
Minor  Parameters 


Telemetry  Reports:  None 
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When  new  GPS  file  7 data  is  available  to  be  processed,  the  control  function, 
GCUP,  first  checks  to  see  if  the  processor  has  to  be  initialized,  and  if  so, 
requests  the  subroutine  GUCOLD,  which  resets  error  counters.  A checksum  test  is 
then  performed  by  the  subroutine  CUTEST  and  if  satisfied,  the  subroutine  GUDAT 
is  called  which  converts  the  data  from  GPS  to  NSSC  format  (subroutines  GUFCOM 
and  GUFTF).  If  the  data  is  successfully  converted,  GUDAT  tests  position  and 
velocity  variance  errors  against  input  maximum  permissible  values  (System  Table 
63),  and  if  these  checks  are  satisfied,  calls  the  subroutine  GUGDCT.  This 
subroutine  converts  the  GPS  position  and  velocity  vectors  from  ECEF  coordinates 
to  Earth  Centered  Inertial  (ECI)  coordinates.  If  any  of  the  checks  referred  to 
above  are  not  satisfied,  the  processing  is  terminated,  control  is  returned  to 
the  Flight  Executive,  and  the  complete  GPS  buffer  (CAGBGBUF)  is  not  utilized. 

After  the  data  is  converted,  assuming  checks  on  the  data  quality  have  been 
satisfied,  the  subroutine  GUCOEFF  is  called  to  calculate  GPS  extrapolator 
coefficients.  If  extrapolator  coefficient  initialization  has  to  be  performed, 
Che  subroutine  GUINIT  is  called  to  initialize  (by  GUCOEFF),  and  then  GUPROCGP  is 
called  to  process  the  grid  points.  This  subroutine  essentially  removes  the 
oldest  grid  point  data  and  replaces  it  with  a new  set  of  data.  The  subroutine 
GUECC  is  then  called  to  generate  new  extrapolator  coefficients  and  a "new 
coefficients  ready"  flag  is  set.  This  flag  is  checked  by  the  Ephemerls 
Computation  (EPHE.H)  processor,  and  hence,  setting  GUGFLGUP=*2 , allows  EPHEM  to 
request  new  coefficients.  Processor  control  is  returned  to  the  control  function 
'^C'JP,  which  in  turn  returns  co..wrol  at  this  point  to  Che  Flight  Executive. 

The  GPS  FS  Ephemeris  Coefficient  Update  (GCUP)  processor  utilizes  Flight  Segment 
Software  System  Tables  i/63-65. 

B • 3 . 6 . 2 GPS  ^ Ephemeris  Coefficient  Update  (GCUP)  Processor  Operation 

This  processor  consists  of  the  control  function  GCUP  and  the  ten  subroutines  as 
delineated  in  Section  3. 3. 6.1.  The  control  function  is  described  in  the 
preceding  section.  Sections  B. 3. 6. 2.1  through  B. 3. 6. 2. 10  describe  tlie 

subroutines . 


B. 3. 6. 2.1  GUCOLD  Subroutine 

The  GUCOLD  Subroutine,  cold  start  initialization,  initializes  or  resets  various 
GCUP  error  counters  to  zero,  and  additionally  sets  the  previous  GPS  time 
(GULWTGPP)  equal  to  zero.  The  GCUP  error  counters  reset  to  zero,  are: 

1.  Variance  error  coe~tar  (EOCVARER) 

2.  Checksum  error  counter  (EOGVCSEC) 

3.  Difference  error  counter  (EOGVDERR) 
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4.  EGPS  time  error  counter  (EOGVGTER) 

5.  Shift  error  counter  (EOGVSHER) 


After  execution  of  this  subroutine  processor  control  is  returned  to  the  GCU? 
control  function. 


B.3.6.2.2  GUTEST  Subroutine 

GUTEST  performs  the  GPS  data  checksum  test.  Every  two  8-bit  GPS  words  are 
combined  to  make,  a 16-bit  word  and  these  values  are  added  to  the  running  sum. 
The  record  checksum  (words  5 and  6 in  GPS  file  7)  are  not  added.  After  the 
calculated  checksum  is  formed,  this  value  is  tested  equal  to  the  record 
checksum.  If  these  checksums  are  different,  an  error  flag  (GULFCSER) “is  set, 
the  running  checksum  error  counter  (EOGVCSEC)  is  incremented,  and  control 
returns  to  the  module  GCUP. 

3. 3. 6. 2. 3 GUDAT  Subroutine 

GDAT  is  the  routine  which  manipulates  the  input  GPS  data.  The  GPS  data 
conversion  routine  (GUFCON)  is  called  to  convert  the  data  from  floating  point  to 
fixed  point  format  and  if  the  conversion  is  good,  the  position  and  velocity 
error  variances  are  checked  within  limits.  If  the  variances  are  good,  GUDAT 
calls  the  routine  GUGDCT  to  perform  the  transformation  of  position  and  velocity 
from  the  ECEF  to  the  ECI  coordinate  system.  Any  errors  will  cause  the  flag 
(GULFLGER)  to  be  set  and  control  returned  to  the  GCUP  control  function. 

3.3. 6. 2. 4 GUFCON  Subroutine 

GUFCON  is  the  routine  which  performs  the  GPS  file  7 data  conversion.  GPS  time  is 
converted  from  43  bits  to  a triple  precision  fixed  point  number.  The  general 
purpose  routine  (GUFTF)  is  called  to  convert  the  double  precision  48-bit 
floating  point  X/Y/Z  position  components,  the  32-bit  single  precision  floating 
point  X/Y/Z  velocity  components,  and  the  32-bit  single  precision  floating  point 
position  and  velocity  variances  to  scaled  double  precision  fixed  point  values. 
If  there  are  any  shift  erors  from  GUFTF,  the  error  counter  (EOGVSHER)  is 
incremented  by  1 except  for  variances.  In  the  case  of  variance  shift  errors, 
the  error  counter  EOGVARER  is  incremented  by  1. 

In  the  case  of  either  error,  however,  processing  is  terminated  and  control 
returns  to  cl\e  GCUP  control  function. 

3. 3. 6. 2. 5 GUFTF  Subroutine 

GUFTF  i.s  the  conversion  routine  wiiich  will  accept  a single  or  double  precision 
floating  point  GPS  value  and,  making  use  of  the  scale  factor  supplied,  will 
convert  this  value  to  a double  precision  fixed  point  value. 
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After  the  output  words  have  been  formed,  the  exponent  and  the  input  scale  factor 
argument  come  into  play.  This  input  scale  factor  represents  the  required  number 
;f  integer  bits. 

GUFTF  checks  Co  make  sure  Che  number  of  bits  to  shift  is  not  a negative  value. 

/ ■.is  is  an  error  condition  which  causes  the  flag  GUFLFLGER  to  be  set,  terminate 
GUFTF  processing,  increment  Che  shift  error  counter,  and  return  control  to  the 
GCUP  control  function. 

B.3.6.2.6  GUGDCT  Subroutine 

' GUGDCT  transforms  Che  time,  position,  and  velocity  data  from  the  GPS  coordinate 
system  (Earth-Centered  Earthed-Fixed)  to  Che  attitude  control  coordinate  system 
(Earth-Centered  Inertial  "true  of  date").  GUGDCT  converts  the  GPS'Cime  to 
spacecraft  time  and  uses  this  spacecraft  time  in  the  calculation  for  the  R.A.  of 
Greenwich.  The  sine  and  cosine  of  the  R.A.  of  Greenwich  are  found  using  Che 
double  precision  sine  and  cosine  routines.  The  transformed  position  and 
velocity  components  are  finally  calculated  using  the  uplinked  elements  or 
coordinate  transformation  matrix,  which  accounts  for  the  components  of  pole 
wander. 


B.3.6.2.7  GUCOEFF  Subroutine 

GUCOEFF  checks  to  see  if  the  initialization  is  required.  If  it  is,  GUIN’IT  is 
called  to  initialize  the  grid  point  values  and  GUl’ROCGP  is  called  Co  process  and 
update  the  grid  point  values.  If  initialization  is  complete,  GUCOEFF  tests  Che 
input  time  to  make  sure  a new  data  sec  is  available.  The  grid  point  processor 
(GUPROCGP)  is  executed  and  finally  Che  new  extrapolator  coefficients  -are 
computed  in  the  routine  GUECC. 

B.3.6.2.8  GUINIT  Subroutine 

GUINIT  is  an  initializing  routine  which  is  called  only  on  Che  first  pass  of  Che 
module  GCUP.  The  primary  purpose  is  to  set  the  initial  times  which  are  used  in 
the  grid  point  processing  component  GUPROCGP.  The  initial  process  flag 
(EOGVIN'IT)  is  set  Co  2 and  the  queue  buffer  pointer  for  grid  values  is  set  to  L. 

B.3.6.2.9  GUPROCGP  Subroutines 

Tlie  routine  GUPROCGP  is  called  whenever  valid  ctaca  is  present.  This  is  the  grid 
point  processor  which  determines  the  times  and  grid  point  values  to  be  used  in 
order  to  maintain  the  range  of  grid  spacing  needed  to  extrapolate  the  GPS  data 
using  a modified  Hermlte  2 point  extrapolator  polynomial. 
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&>3.6.2.10  GUECC  Subroutine 

GUECC  initially  updates  the  2nd  grid  point  time  and  then  performs  the 
extrapolator  coefficient  computation  using  a modified  Hermite  2 point 
extrapolator  polynomial.  The  coefficients  calculated  in  this  routine  are  then 
used  by  the  Ephemeris  Computation  Module  (EPHEM).  The  flag  GUGFLGUP  is  set 'to  2 
to  notify  EPHEM  that  new  coefficients  are  ready. 

B . 3 . 6 . 3 GPS  FS  Ephemeris  Coefficient  Update  (GCUP)  Software  Constraints 

Execution  of  the  GCUP  processor  is  achieved  by  request  from  the  TDA  processor 
and  the  setting  of  the  new  GPS  data  ready  flag  (GAGFLAC.3  <>  0)  in  TDA  Processor. 
This  processor  makes  many  checks  on  data  quality.  Failure  of  any  of  these 
checks  would  negate  generation  of  extrapolator  coefficients  for  the  data'set  and 
would  result  in  loss  of  the  complete  120  words  in  the  GPS  buffer  (GAGBGBUF). 

B.3.6.A  GPS  FS'  Ephemeris  Coef f iclent  Update  (GCUP)  System  Tables 

System  Table  If 63,  GPERMIT-GPS  Limit  Parameters,  consists  of  3 parameters 
providing  limits  for  checks  on  GPS  data  quality  and  permissible  limit  on  time 
difference  for  new  GPS  data  sec.  These  parameters  arc  norminally  constant. 

System  Table  C/bA,  GMATOR-GPS  Coordinate  Transfonnation  Major  Parameters, 

consists  of  4 parameters  utilized  in  the  transformation  of  GPS  ephemeris  data 
from  ECEF  coordinates  to  Earth  Centered  Inertial  coordinates.  These  parameters,, 
utilized  in  the  GUGDCT  subroutine,  are  periodically  updated. 

System  Table  065,  GMI.N'OR-GPS  Coordinate  Transformation  Elinor  Parameters, 

consists  of  6 parameters  and  a table  reload  flag.  Ihe  6 parameters, 

periodically  updated,  although  with  varying  requirec  update  frequencies,  are 
utilized  in  the  GUGDCT  tubroutine  in  the  conversion  of  GPS  data  from  ECEF 
coordinates  to  ECI  coordinates. 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

System 

Table  ;?63  - 

GPERMIT  (GId 

Limit  Parameters) 

• 

0000 

EIGWPVAR 

C 

GUDAT 

Limit  on  GPS 
variance 

positional 

error 

0001 

EIGWTDIF 

C 

GUCOEFF 

Maximum  time 
GPS  data  set 

difference 

for  new 

0003 

EIGWVVAR 

C 

GUDAT 

Limit  on  GPS 

velocity  error 

variance 


I 


i 


I 


SVS-10266 
Appendix  B 
31  December  1981 


I 
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Entry 

Name 

TLM  Type 

Using 

Subroutine  Description 

System 

Table  //64  - 

OLUOR  (GPS 

Coordinate 

Transformation  Major  Parameters) 

0000 

EIGWDH 

V 

CUGDCT 

Nutation  correction  to  R.A.  of 
Greenwich 

0002 

EIGWDT 

V 

GUGDCT 

Difference  between  ephemeris 
time  and  universal  time 
corrected  for  polar  motion 

0004 

EIGWP 

V 

GUGDCT 

Angular  coordinates  of 
instanteous  North  pole  relative 
to  adaptive  North  pole 

0004 

EIGWQ 

V 

GUGDCT 

Angular  coordinates  of 
instancous  North  pole  relative 
to  adaptive  North  pole 
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Entry 

Name  TLM 

Type 

Using 

Subroutine 

Description 

System  Table  //65  ~ GMIMOR 

(GPS 

Coordinate  Transformation  Minor  Parameters) 

0000 

EIGVCM 

V 

GUECC 

Constant  used  in  GPS  coefficient 
computation 

0001 

EIGWCTO 

V 

GUGDCT 

Constant  used  in  converting  from 
GPS  to  spacecraft  tine 

0004 

EIGWEEE. 

V 

GUGDCT 

Tine  interval  between  GPS  time 
resets 

0006 

EIGWRAGO 

V 

GUGDCT 

Initial  value  of  Greenwich 
Right  Ascension 

0008 

EIGWTR^G 

V 

GUGDCT 

Epoch  time  for  EIGWRAGO 
computation 

OOU 

ELGWl^fE 

V 

GUGDCT 

Earth's  mean  sidereal  rotation 
rate 

* 0013 

G^ttN0R+13 

F 

GCUP 

Table  reload  flag 

* NOTE: 

This  entry  In 

the  process  of  being 

moved  to  the  too  of  the  table 

i : 
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B .3 .6 . 5 GPS  FS  Ephemerls  Coef f Iclenc  Update  (GCUP ) Telemetry 
None 

B.3 .6 .6  GPS  FS  Ephemerls  Coefficient  Update  ( CCU? ) Flow  Charts 
See  Figures  B.3. 6-2  thru  B.3. 6-11. 
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Figure  B.3.6-1.  GOiP  Top  Level  Dlagcaiu 
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Figure  B.3.6-2.  GCUP  Flow  Chart 
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A 

Or 


POOii  Q'^ 


AtlTY 


^ GUCOLD  ^ 


COCO  START 
INITIALIZATION 


EOGVARER -0 
EOGVCSEC  » 0 
EOGVDERR  = 0 
EOGVGTER  = 0 
EOGVSHER-0 
GULWTGPP-0 


RESET  VARIANCE  ERROR  COUNTER 
RESET  CHECKSUM  ERROR  COUNTER 
RESET  DIFFERENCE  ERROR  COUNTER 
RESET  GPS  TIME  ERROR  COUNTER 
RESET  SHIFT  ERROR  COUNTER 
SET  PREVIOUS  GPS  TIME  TO  0 


^ RETURN 


Figure  B.3.6-3.  GUCULD  Flow  Chart 
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Figure  H.3.0--4.  GUTFST  Flow  Cluirc 
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Figure  B.3.6-3.  GUOAT  Flow  Chart 
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Figure  B.3.6-7.  CUCDCT  Flow  Chart 
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CALCULATE  COEFFICIENTS 
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OF  POOR  QUA 


PERFORM  GPS 
INITIALIZATION 


YES 


-CM 


FIRST  PASS  OF 
INITIALIZATION 
NOT  DONE 


GULWQTNX  = 0 
EOGVVGT1  = 

EOGWTDAT  - 120000. 
tOGVlNIT  = 2 
GULVPTR “ 1 


Ha- 


SETUPGRIO  POINT  TIME 
SET  UP  TIME  OF  GPS  REF. 
VALUES 


^ RETURN  ^ 


Figure  3. 3. 6-9.  GUIN'IT  Flow  Chare 
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Figure  B.3.6-10.  GUPROCGP  Flow  Chart 
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CUECC  ) EXTRAPOLATOR  COEFFICIENT  COMPUTATION 


UPDATE  SECOND 
GRID  POINT  TIME 


COMPUTE  SECOND 
GRID  POINT 
EPHEMERIS 


FOR  1 = 1 TO  3 IN  STEPS  OF  1 : 

CULBPT2  = CULBCCPV(I) 
CULBVT2  = CU1.8CCPV(l  + 3) 


COMPUTE  NEW 

EXTRAPOLATOR 

COEFFICIENTS 


FOR  I = 1 TO  3 IN  STEPS  OF  1 : 

CUCaCCUd.S)  = (CULWKC4)(GUL8Pr20)) 
CUCBCCU(I,4)  = 2fCULBPT1(l)-CULBPT2{l)  1 

- GULWCTU(CULBVTUI)+CULBVT1(I)) 
' 2 CUCBCCU(I,5) 

GUCBCCU(I,3)  = 3[CULBPT2,'I)-CULBPT1(I)) 
+CULWCTU(2(CULBVT1(I) 
+GULBVT2U))  I 

+CULCBCCU(I,5)  : 


CUC8CCU(1,2) 

GUCBCCUd.D 

CUC8CCU(I,9) 

CUGBCC'J(l.a) 

CUCBCCU(I,7) 

CUCBCCU(i,6) 


CULWGTU(CULBVT1  (I)) 
CULBPTUn 

4(CUCBCCUd  , 5) ) (CULWCTUR) 
3(CUCBCCU(I,  4))(CULWCTUR) 
2(CUCBGCU(I,  3))  (CULWCTUR) 
(CUCBCCU(I,  2))  (CULWCTUR) 


SET  THE  NEW 
COEFFICIENTS 
READY  FLAG  FOR 
EPHEMERIS 
COMPUTATION 


CUCFLCUP=2 


RETURN 


— TELEMETRY  POINT 


SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  t. 
SYSTEM  TABLE  ENTRY 


Figure  B.3.6-11.  GUECC  Flow  Chart 


B . 3~67 


SVS-1026O  I 

Appondlx  U I 

31  Deoombor  1981  3 

5 

B.3.7  SI’ .VCEORAl''T  CONTROL  PROCESSOR  (SCI*)  | 

15 .3 . 7 .1  Spacacr.-it  t Cont  rol  Processor  (SCP)  Proceasor  Dose  r tpt  toi\  ] 

The  SDT'RCT  processor  eusblos  SCP  once  SDTKCT  detects  tl\c»t  one  ot'  the  two  | 

separ.-it toil  detection  swltclies  (A  or  B)  Is  closed.  SCP,  whose  processor  C and  1 

priority  «*  equal  5,  Is  then  oxecutod  every  25t>  msec.  j 

SCP  Initiates  and  controls  the  execution  of  the  three  subprocessors , .VPCM,  EPilLM  ! 

and  ACS : ! 


Fxecut Ion 

F requency 

Processor  9 

Priority  6 

APCM 

- 25o  ms 

7 

5 

RPIIM 

- 512  ms 

b 

5 

ACS 

- 512  ms 
25t>  ms 

(normal) 

(orbit  adjust) 

8 

5 

SCP  uses  computer  data  and  the  processed  Rvro  data  output  by  CVROD.  CYROO  la 
scheduled  for  execution  by  the  Executive  Scheduler  Table  (KST)  every  o-i  ras  on 
entry  slot  numbeva  2,  t> , 10,  lA,  etc.  Therefore,  SCP  la  scheduled  tmmeillatoly 
after  CYROO,  on  entry  slot  numbers  3,  19,  35  and  51. 

Other  SCP  functions  Include  the  c.alculatlon  and  resetting  of  fll.qlit  software 
time,  the  collection  of  a common  computer  data  sample  for  use  by  APt'M,  KPlil'.M, 
and  ACS,  tins  formatting;  and  Cvnumanded  output  of  payload  correct  lot>  data,  and  the 
collection  and  formatting  of  a computed  data  buffer  for  use  by  the  Update 
Filter.  T'hc  it  su’ofoot  ices  U'.at  comprise  the  Sth’  processor  are  shown  below: 


SCP 

COMPDSAV 

t;YCMPFD 

PCD 

PCDFS 

PCDF3: 

FSri  MF. 

DPt'DiXUn-'. 

DPUCONVr 

n'RKSF.r 

MVlllDAl'A 


Sth’  Main  Rvuitlne 
Computer  Data  Save  Process Inq 
tlyro  Difference  Process  luft 
Payload  Correction  Data  Processln,q 
PCD  8 -bit  CMD  Fonuattlnj;  Processlnq 
Pthi  32-blt  t:MD  Formattln.c  Processing 
Fll>;ht  Software  I’lme  Ilpd.ato  Processing; 
I'l’U  rime  Dlvldtui;  Process  I n.c 
I’PU  rime  Conversion  Processlui; 

DPU/FSV  Synchroulcat  Ion  Pvocessln>; 
Update  Filter  Data  Save  Process  live 


l.SU-Ul’t'.-2t'.' 
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B.3*7.2  Spacecraft  Control  Processor  (SCP)  Processor  Operation 
B. 3. 7. 2.1  SCP  Main  Routine 

The  flowchart  shown  in  Section  B.3.7.6  describes  the  detailed  software  operation 
of  SCP.  Each  time  SCP  is  executed  it  calls  COMPDSAVE  and  APCM.  The  current 
minor  frame  and  executive  scheduler  Cable  slot  number  determines  which  of  Che 
other  subprocessors  and  subroutines  will  be  activated  during  each  cycle: 

1.  If  the  present  operation  is  in  the  normal  mode  (i.e;  , MODE  = 4 and 

ICAL  “ 3),  then  the  ground  must  set  Che  system  table  input  PCDFLAG  to 
0.  PCD  is  then  called  to  format  and  output  PCD  data. 

2.  If  Che  present  minor  frame  number  is  3,  35,  67  or  99,  SCP  loads  a bit 
pattern  into  word  TREPORTS  to  indicate  chat  TLM  reports' from  APCM, 
EPHEM  and  TORS  are  needed  and  should  be  formatted  and  stored  into  the 
TLM  buffer. 


3.  If  the  present  executive  slot  number  is  3 or  35,  SCP  calls  FSTIME,  . 
EPHEM  and  ACS.  ACS  is  also  called  if  MODE  = 7.  After  ACS  is 
executed,  SCP  calls  the  flight  executive  to  retrieve  the  primary  and 
redundant  converted  resolver  pulses  from  TDRS's  RIU  //9A  or  #9B  and  put 
the  data  into  Che  computer  data.  The  ground  must  indicate  which  RIU 
is  to  be  used  by  setting  the  system  table  input  RPERIU.  SCP  will  then 
call  MVUFDATA  if  the  Update  Filter  (UFLTR)  has  requested  data. 


B.3.7.2.2  COMPDSAV/GYCMPFD 


These  routines  are  described  by  the  flowchart  shown  in  Section  B.3.7.6. 
COMPDSAV  is  called  by  SCP  to  save  a common  sample  of  computer  data  in  buffe.r 
SCDBUF  to  be  used  by  Che  subprocessors  EPHEM,  ACS  and  APCM.  This  is  necessary 
since  Che  computer  data  scored  in  UCDBUF  is  updated  every  64  msecs  for  GYROD. 
If  ACS  is  to  be  called  during  the  present  SCP  cycle,  then  the  filtered  and 
unfiltered  gyro  data  from  GYROD  processor  is  differenced  by  COMPDSAV  and 
GYCMPFD , respectively.  COMPDSAV  computes  the  difference  between  the  past  and 
present  filtered  gyro  data  for  each  of  the  three  (3)  axis  currently  in  use.  The 
output  data  GYDIF  is  used  by  ACS.  GYCMPFD  computes  6 gyro  differences  from  the 
raw  data  formatted  by  GYROD  (i.e.  two  (2)  channels  per  each  of  the  three  (3) 
gyros).  Its  output  WGD  is  used  by  the  subroutine  GYROFD  (Gyro  Failure 
Detection). 


If  UFLTR  requests  data,  then  COMPDSAV  will  save  a subset  of  the  computer  data 
found  in  UCDBUF  and  store  It  in  the  UFLTR  buffer,  UFCDBUF. 
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B.3.7.2.3  PCD 

If  the  spacecraft  is  in  normal  operating  mode,  this  routine,  flowcharted  in 
Section  B.3.7.6,  is  executed  every  256  msec.  It  performs  one  of  nine  actions 
depending  on  the  current  minor  frame  number.  It  may  format  data  using  either 
the  PCDF8  or  PCDF32  formatting  routine.  Or  it  ' may  request  that  commands  be 
added  to  the  low  priority  executive  command  stack.  These  commands  will  then  be 
sent  to  the  PCD  formatter  to  output  attitude,  ephemeris,  TM  TLM  or  gyro  drift 
data  in  subcom  word  F2  of  the  PCD  Format. 

B. 3. 7. 2. 3.1  PCDF8.  The  PCD  8 bit  data  formatting  routine,  flowcharted  in 

Section  B.3.7.6,  is  used  to  fcncat  TM  data  and  TLM  spare  data  that  has  been 
stripped  out  of  the  realtime  TLM  format  or  computer  data  by  the  OBC.. 
Consecutive  8 bit  words  located  in  the  input  buffer  are  packed  into  one  16  bit 
command  in  the  output  buffer. 

B.3.7.2.3.2  PCDF32 . The  PCD  32  bit  formatting  routine,  flowcharted  in  Section 
b.3.7.6,  formats  attitude,  ephemeris  and  .^yro  drift  data.  This  routine  formats 
32  bit  double  precision  words  into  2 16  bit  commands.  The  32  bit  words  have 
been  compressed  from  36  bit  OBC  double  precision  words  by  dropping  the  second 
sign  bit  and  the  three  (3)  least  significant  bits. 

B.3.7.2.4  FSnME/DPUDCODE/DPUCONVT/TFRESET 

The  FSTIME  routine,  flowcharted  in  Section  B.3.7.6,  is  called  by  SCP  to  update 
the  Flight  Software  Time  (TF)  by  512  msecs,  only  if  the  present  executive  slot 

number  is  3 or  35.  If  minor  frames  0 “ 7 are  in  the  minor  frame  buffer, 

subroutine  DPUDCODE  (see  Section  B.3.7.6)  is  called  to  unpack  and  validate  the 
DPU  time  code  words  from  the  subcommutator  buffer.  Any  errors  detected  are 

accumulated  in  word  FSDCDSTS.  For  example,  if  an  error  is  detected  when 
decoding  the  number  of  hundreds  of  days,  bit  12  of  FSDCDSTS  (written 

FSDCDSTS<12 :12>)  is  set  to  1.  The  ground  will  be  notified  of  any  decoding  error 
by  two  words,  DPUDCERR  and  FSDPUSTS,  found  in  telemetry  report  number  11. 
DPUDCERR  is  the  number  of  DPU  decode  errors  and  FSDPUSTS<1 : 1>  •=  1 is  a flag  to 
signal  a decode  error  has  occurred. 

If  the  BCD  digits  are  valid,  subroutine  DPUCOSVT  (Section  B.3.7.6)  is  called  to 
convert  the  decoded  digits  into  a triple  precision  word,  TDPU,  which  represents 
the  total  number  of  msecs.  The  time  of  Che  last  computer  data  read  is  then 
calculated  in  the  routine  FSTIME  by  the  formula 

TDPU  = TDPU  + 36  + 8192  *(2**-TMRATE) 

where 

TMRATE  = 3 for  TL.M  rate  8kbps 
“0  for  TL.M  rate  1kbps 
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For  a Skbps  TLM  race,  this  equation  becomes: 
TDPU  - TDPU  + 36  + 1024 

which  is  illustrated  in  the  following  timeline; 


Minor 
Frame  it 


Slot  it 


63 


1 2 
7 15 


Time  msec  — — 


23  31 

1024  — 


Present  Slot  it: 

Last  Computer  Data  Read: 

5 6 7 8 


39 


47 


I 

55 


1 i 

I I 

i i 

T X 

! [[ir 

63  1 3 

» 


•H 

32 


Figure  B.3.7-1.  Timeline  to  Calculate  Last  Computer  Data  Read 


The  difference,  TDELTA,  between  this  DPU  time  and  the  present  TF  time  is  then 
calculated  and  sent  down  in  the  TLM  stream.  It  is  then  tested  to  determine 
whether  or  not  it  lies  within  the  limits,  THIN  and  TFOX.  If  it  does,  then  TF  is 
automatically  reset  to  the  DPU  time.  A counter,  TFRESET,  and  a status  bit, 
FSDPUSTS<3: 3> , are  updated  to  reflect  the  c^ction  and  put  in  TLM  along  with  the 
TF. 


If  TDELTA  is  greater  chan  the  upper  limit,  TFOX,  the  ground  is  notified  by 
telemetry  status  word  FSDPUSTS<2 : 2> . The  ground  must  then  decide  whether  or  not 
to  allow  the  large  time  difference  to  be  resynched  by  setting  the  system  table 
entry  USEDPU  to  a 1 or  0,  respectively. 

If  TDELTA  is  less  than  TMIM,  the  time  difference  is  insignificant  and  TF  is  not 
reset  to  DPU  time. 
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B.3.7.2.5  HVUFDATA 

This  routine,  flowcharted  In  Section  B.3.7.6,,  is  called  by  SCP  If  UFLTR 
requests  data  from  SCP.  SCP  contains  a list  of  lU  addresses  that  corresponds  to 
the  data  Items  located  In  the  buffer  for  UFLTR  (i.e.,  UFCDBUF).  The  subroutine 
COMPDSAVE  moves  16  of  these  words  into  UFCDFUB.  The  remaining  words  are  placed 
into  the  buffer  by  KVUFDATA.  The  SCP  list  of  addresses  includes  the  following 
24  words: 

1.  Raw  scar  tracker  data  (12  words)  - moved  by  COMPDSAVE 

2.  Euler  parameters  (8)  - moved  by  MVUFDATA 

3.  Magnetometer  Data  (3)  moved  by  MVUFDATA 

4.  Magnetic  Corquer  commands  (3)  moved  by  MVUFDATA 

5.  Angular  Rates  (3)  moved  by  MVUFDATA 

6.  Flight  Software  Time  (3)  moved  by  MVUFDATA 

7.  Orbit  Position  Data  (4)  moved  by  MVUFDATA 

8.  FSS  Data  (4)  - moved  by  COMPDSAVE 

B . 3 . 7 . 3 Spacecraf  t Control  Processor  (SCP)  Software  Constraints 

The  ground  must  set  the  system  cable  word  PCDFLG  to  0 when  the  PCD  subroutine  is 
CO  be  executed  (i.e,  when  M0DE=4  and  ICAL=3). 

B . 3 . 7 . 4 Spacecraft  Control  Processor  (SCP)  System  Tables 

The  SCP  processor  uses  the  data  items  found  in  system  cable  number  25  which  is 
called  SCPCTLTB . For  system  table  load  format,,  see  DFCB  Volume  HI  CMD. 
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Entry 

Name 

TLM  Type 

Using  Subroutine 

Description 

OHC  System 

Table  (^25 

(SCrCTLTB) 

0 

PCDKLAG 

F 

SOP 

SCP  will  format  and 
write  PCD  data  if 
MODE-4  and  IC.\L"3 
0” format  4 write  PCD 
data 

l“don't  process  PCD 
subrout inc 

1 

i 

1 

\ 

1 

j 

1 

i 

1 

I 

! 

Rl’ERtU 

C 

SOP 

WBCS  RI’J  - nominal 
R.1U  f9A.  This  tUU  is 
used  to  obtain  the 
converted  primary 
redundant  resolver 
pulse  data  whicb  is 
to  be  put  in  the 
computer  data. 
Switched  to  RIU  fi'9B 
if  c'9A  no  longer 
functions  properly 

i 

• 

' 

i 

1 

i 

1 

! 

rsEuru 

F 

FSTIME 

1 

Ground  must  monitor 
TDELFA  in  0»C  FLM 
report  s'!)  and  decide 
if  it  will  accept  the 
large  TDELTA 
0“don't  reset  TF 
1"  large  TDELTA  can 
reset  TF 

j 

•4 

! 

1 

i 

n-ox 

C 

FSTIME 

l>l)per  bound  on  TOECrA 
for  uncoiKi  1 1 lonal  TF 
resets 

' 

I'MI  N 

c 

KSTIME 

Lower  bound  >''n  rOELTA 
for  uncoud i t 1 ona 1 TF 
resets  . 1 f VDKLi'A 

is  below  this  limit 
TF'  is  not  reset. 

SVS-10266 
Appendix  B 
31  December  1981 


B.3.7.5  Spacecraft  Control  Processor  (SCP)  Telemetry  Reports 

The  status  of  Che. SCP  execution  is  contained  in  OBC  TLM  Report  number  11  whose 
mnemonic  is  ACS  11.  The  report  occurs  in  TLM  minor  frames  30,  62,  94. ^ and  126. 
The  first  word  (word  0)  is  output  in  column  35  and  gives  the  report  number i The 
remaining  words  are  output  in  columns  91-95  and  108-127. 

A telemetry  alarm,  FSDPUSTS<1 : 1>  “ 1,  will  occur  if  an  error  is  found  when 
decoding  the  DPU  time.  Another  alarm,  FSDPUSTS<2 :2>=l , will  occur  if  the 
difference,  TDELTA,  of  the  present  TF  and  the  DPU  of  the  most  recent  computer 
data  read  is  greater  chan  the  maximum  limit,  TFOX. 
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Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

OBC  TLM 

Report  c;il  - ACS 

11 

1 

TF 

FSTIME  or 
FSRESET 

Flight  Software  Time  - it  is  updated 
every  512  msec  when  executive  slot 
number  is  3 or  35.  It  is  reset  to 
DPU  time  when  minor  frame  7 is  in 
the  minor  frame  buffer  if  TDELTA  is 
within  the  limits  TMIN  and  TFOX  or  if 
the  ground  allows  the  update. 

7 

TDELTA 

FSTIME 

Difference  between  TF  and  DPU  time 

13 

DPUDCERR 

FSTIME 

Counter  of  the  number  of  DPU  decode 
errors 

14 

FSDPUSTS 

FSTIbiE  or 
FSRESET 

Flight  software  time  computation 
status  word: 

FSDPUSTS<1 : 1>  - DPU  decode  error  * 
FSDrUSTS<2:2>  - Large  TDELTA  * 
FSDPUSTS<3:3>  - TF  reset  to  TDPU 

0 » NO,  1 = YES 

15 

TFRESET 

FSRESET 

Counter  that  indicates  the  number 
times  that  TF  has  been  reset  to  TDPU 

*TLM  ALARM 
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B . 3 . 7 .6  Spacecraf t Control  Processor  (SCF ) Flow  Charts 
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© 

PCDF32  ^ 
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Figure  3.3. 7-5.  PCDF32  Flow  Chart 
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Figure  B.3.7-6,  FSTIME  Flow  Chart 
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B.3.8  EPHEMERIS  COMPUTATION  (EPHEM) 

B.3.8.1  Ephemeris  Computation  (EPHEM)  Processor  Description 

The  Ephemeris  Computation  (EPHEI)  processor  determines  the  Landsat-D  Flight 
Segment  position  and  velocity  and  TDRS  East  and/or  West,  position,  as  desired. 
Polynominal  interpolation  or  extrapolation  techniques  are  used  to  compute  the 
desired  ephemeris  at  the  specified  time  points.  EPHEM  determines  FS  position 
and  velocity  using  coefficients  generated  in  the  UCUP  processor.  These 
coefficients  are  based  on  uplinked  OBC  parameters  and/or  GPS  receiver  data.  The 
data  source(s)  to  be  used  are  specified  by  the  Ground  Segment.  TDRS  East  and/or 
West  ephemeris  is  computed  utilizing  coefficients  generated  by  the  TCUP 
processor  which  is  based  on  uplinked  OBC  parameters.  The  EPllEi  processor  then 
generates  OBC  Telemetry  Reports  13  through  19  which  present  ephemeris  data. 
These  are  discussed  in  detail  in  Section  B.3.8. 5. 

The  Ephemeris  Computation  (EPHEI)  processor  is  a foreground  processor  called  by 
the  Spacecraft  Control  Processor  (SCP),  and  is  nominally  executed  every  0.512 
seconds,  or  twice  every  computer  major  cycle.  The  SCP  calls  the  EP'IEM  processor 
every  other  time  it  Is  executed.  EPHEI  has  a priority  of  5. 

The  EPHEI  processor  consists  of  8 subroutines  and  a control  function,  EPHEM. 
These  subroutines  are  delineated  in  Table  B.3.8-1  and  discussed  in  detail  in 
Section  B.3.8. 2,  with  detailed  flowcharts  presented  in  Section  B.3.8. 6.  The 
processor  is  diagramed  in  Figure  B.3.8-1.  i 
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Ephemerls  Computation  (EPHEll) 


Number: 

Type: 

Priority: 

Period: 

Function: 


Foreground 

5 

0.512  seconds 

Detemlnation , at  a given  point  in  time,  of 
Flight  Segment  position  and  velocity  (from 
uplinked  OBC  parameters  and/or  GPS  data)  and 
position  of  both  Tracking  and  Data  Relay_ 
(TORS)  Satellites  scheduled  by  SCP. 


Subroutines: 


ECCOLD 

ECFSBLD 

ECFCALC 

ECGPBlD 

ECGCALC 

ECTDBLD 

ECTCALC 

ECTELEM 

System  Tables: 

it  Mneunwnlc  Type 

31  EPEK-lIT  Variable 

32  EPAR.^M  Constant 


Cold  start  initialization 

Testing  and  processing  uplinked  FS  coefficients 
Computation  of  position  and  velocity  for 
flight  segment  from  uplinked  data 
Rebuild  of  GPS  extrapolanor  coefficients 
Computation  of  GPS  FS  ephemeris 
Testing  and  processing  of  TDRS  coefficients 
Computation  of  TDRS  position  components 
Format  data  and  output  to  telemetry 


It  Words  Description 

5 Processing  Permitted  Flags 

13  Ephemeris  Parameters 


Telemetry  Reports: 


OBC  Reports  13  through  19 
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B.3.8.2  Ephemerls  Computation  (EPKEtl)  Processor  Operation 


B. 3. 8. 2.1  EPHEM 

The  EPHEM  control  function  first  checks  to.  see  If  the  processor  has  to  be 
Initialized,  and  if  so,  calls  the  subroutine  ECCOLD.  It  then  cliecks  whether  FS 
ephemerls  processing  from  uplinked  OBC  parameters,  FS  ephemerls  processing  from 
GPS  data,  and  TDR3  ephemerls  processing  from  uplinked  OBC  parameters  are 
penaitted.  If  processing  is  peimitCed  for  the  particular  ephemerls,  two 
routines  are  called  by  EPHEM.  One  routine  is  used  to  rebuild  the  coefficients 
table  with  new  values  and  the  other  routine  performs  the  calculations  which 
determine  the  final  ephemerls  coraponents.  The  two  routines  for  the  uplinked  FS 
ephemerls  are  ECFSBLD  and  ECFCALC,  for  GPS  FS  ephemerls  are  ECGPBLD  and  ECGCALC, 
and  finally  for  uplinked  TDRS  FS  ephenerides  are  ECTDBLD  and  ECTCALC.  If  the 
check  falls  for  the  particular  ephemerls,  EPHEM  Ignores  the  calls  to  the. 
routines  mentioned  above.  The  final  process  to  be  performed  is  to  output  th.. 
Telemetry  data  by  calling  ECTELEM. 

3. 3. 8. 2. 2 ECCOLD 

ECCOLD  sets  flags  regarding  coefficient  sources  (UCUP,  TCUP,  and  GCUP)  and  sets 
upper  grid  times  to  zero  for  both  the  Flight  Segment  and  TDRS,  and  returns  to 
the  control  function. 

B.3.8.2.3  ECFoBLD 

ECFSBLD  checks  for  new  ap.’inked  FS  OBC  parameters.  If  spacecraft  tic”?  exceeds 
the  new  data  start  time,  ECFSBLD  nets  the  flag  FUGFLGUP=2  to  tell  the  background 
module  ('UCUP)  to  move  this  data  to  the  working  area.  ECFSBLD  also  requests  the 
execution  of  the  background  rpocessor  UCUP-  ECFSBLD  replaces  old  interpolator 
coefficients  with  new  from  the  slow  loop  module  UCUP.  In  order  to  perfori  this 
cask,  Che  following  two  conditions  must  be  met  - Che  software  time  must  exceed 
Che  fit  intervale  upper  time  limit  and  new  coefficients  must  be  available  (flag 
FUGFLGUP=3).  These  new  coefficients  replace  the  old  coefficients  and  th  fit 
interval  is  advan'-ed  by  the  grid  inteval  time.  Finally,  Che  new  coeffici 'nts 
ready  flag  (FUGFLCJP)  is  set  to  4 for  the  slow  loop  module  UCUP. 

B.3.8.2.4  ECFCPiC 

ECFCiVLC  computes  Che  position  and  velocity  components  for  the  uplinked  FS 
ephemerls.  The  normalized  time  is  computed  and  this  time,  along  with  the 
interpolator  ccr.f f icients  (old  or  naw),  are  used  in  the  four  point  Her.nice 
polynorainal  interpolation  algorithm  to  obtain  the  final  FS  ephemerls  components. 
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B.3.8.2.5  ECGPBLD 

ECGPBLD  replaces  old  extrapolator  coefficients  with  new  from  the  background 
module  GCUP.  This  replacement  only  occurs  if  the  new  coefficieints , ready  .flag 
GUGFLGUP“2.  These  new  coefficients  replace  the  old  coefficients  and  the  fit 
interval  is  advanced.  Finally,  the  new  coefficients  ready  flag  (GUGFLGUP)  is 
sat  to  3 for  the  background  module  GCUP. 

B.3.8,2.6  ECGCALC 

ECGCALC  computes  the  position  and  velocity  compnents  for  the  GPS  FS  ephem^rls. 
The  normalized  time  is  computed  and  used  ilong  with  the  extrapolator 

coefficients  (old  or  new)  to  calculate  the  GPF  •.  epheneris  components. 

B.3.8.2.7  ECTDBLD 

ECTDBLD  checks  for  new  uplinked  TORS  E.C.  data.  If  spacecraft  tire  exceeds  the 
new  data  start  time.  ECTDBLKD  sets  the  flag  TUGFLGUP=2  to  tell  the  background 
module  (TCUP)  to  move  this  data  to  the  working  area.  ECTDBLD  also  requests  the 
execution  of  the  background  processor  TCUP.  ECTDBLD  replaces  old  interpolator 
coefficients  with  new  from  the  slow  loop  module  TCUP.  This  replacement 
procedure  is  bypassed  if  Che  following  two  conditions  are  not  met  - the  software 
time  must  exceed  the  fit  interval  upper  time  limit  and  new  coefficients  must  be 
available  (flag  TUGFLGUP=3).  If  the  above  conditions  are  met,  the  old 
coefficients  are  replaced  by  the  new  and  the  fit  inten.’al  is  advanced  by  the 
grid  interval  time.  Finally,  the  new  coefficients  ready  flag  TUGFLGUP  is  set  to 
4 for  the  slow  loop  module  TCUP. 

B.3.8.2.8  ECTCALC 

ECTCALC  computes  the  TDRS  position  components  for  TDRS  East  and  TDRS  West 
ephemorides.  If  TDRS  East  processing  is  required,  the  East  normalized  fit  time 
is  calculated  and  this  time,  along  with  the  East  interpolator  coefficients  (old 
or  new)  are  used  in  the  four  point  Hermite  polynomial  interpolation  algorithm  to 
obtain  the  final  TDRS  position  components.  The  sane  process  is  followed  to 
obtain  the  TDRS  West  position  components. 

B.3.8.2.9  ECTELEM 


ECTELEM  formats  the  output  for  the  Landsat-D  Computer  Generated  Telemetry 
reports.  There  are  seven  separate  Ephemeris  reports  which  are  issued  during 
certain  minor  frames  of  the  Landsat-D  flight  software  processing  cycle. 

Four  routines  are  used  for  forraattio.g  taese  telemetry  reports.  The  first 
routine  (MOVi;jIT)  will  initialize  for  the  loading  of  a report  buffer.  MOVSPREC 
will  unpack  and  nova  singJe  p-'acision  fixed  point  values  into  3 OBC  telemetry 
words.  .'iOVDPREC  will  unpack  and  move  double  precision  values  into  4 OBC 
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telemetry  words.  MOVBYTE  will  move  an  8 bit  value  to  1 OBC  telemetry  word.  The 
PROG  'MO'’ELO'  moves  the  low  order  3 bits  of  word  2 and  the  high  order  ibts  of 
word  3 of  the  triple  precision  time  word  into  Che  5th  OBC  telemetry  word  after 
MOVDPREC  has  moved  the  first  2 words.  . . 

B.3.8.3  Ephemerls  Computation  (EPHEM)  Software  Constraints 

EPHEM  will  dc  no  processing  of  a particular  ephemeris  unless  at  least  one  of  the 
slow  loop  background  modules  for  the  three  types  of  data  (uplinked  FS,  GPS  FS, 
and  uplinked  TDRS)  has  computed  one  set  of  coefficients. 

B.3.8.4  Ephemeris  Computation  (EPHEM)  Systems  Tables 

The  EPHEIM  processor  uses  the  data  items  found  in  system  table  number  31  and  32. 
Table  31  contains  the  ephemeris  computation  parameters  (EPARAM)  consisting  of  13 
words.  These  parameters  are  used  in  setting  time  biases  and  grid  intervals  for 
the  ephemeris  computations.  Table  32  contains  the  5 ephemeris  processing 
permitted  flags  (EPERMIT)  that  establish  which  ephemeris  processing  is 
permitted. 
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Entry 

Name 

TLM 

Type 

Using 

Subroutine 

Description 

System 

Table  //31  - 

EPARAM 

(Epehmerls  Parameters) 

0000 

EIGVNGILX 

C 

ECGPBLD 

Max  1}  of  consecutive  ephemeris 
calculation  computation  before 
GPS  data  available  again 

0001 

EIGWDTE 

C 

ECTCALC 

Bias  for  current  TDRS  East  time 
from  current  FS  time 

0003 

EIGIPDTW 

C 

ECTCALC 

Same  as  0001  but  for  TDRS  West 

0005 

EIGOTG 

C 

ECFSBLD 

Ephemeris  grid  interval 

0007 

EIGWTGR 

C 

ECFCALC 

Reciprocal  if  EIGWIG 

0009 

EIGWTTG 

C 

ECTDBLD 

TDRS  ephemeris  grid  interval 

0011 

EIGIVTTGR 

c 

ECTCALC 

Reciprocal  of  EIGWTTGE 

L_ ^ 1 
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Entry 

Name 

TUI  Type 

Using 

Subroutine 

Description 

Systen 

Table  //32  - 

EPERlllT  (Ephemerls  Processing  Pernltted  Flags) 

0000 

EIGVEAST 

F 

ECTCALC 

TDRS  East  ephemeris  processing 
permitted? 

0001 

EIGVFFS 

F 

EPHEM 

Uplinked  FS  ephemeris 
processing  permitted? 

0002 

EIGVGFS 

F 

EPHEM 

GFS  ephemeris  procuring 
permitted? 

0003 

EIGVTFS 

F 

EPHEM 

TDRS  ephemeris  processing 
permitting? 

0004 

ElGVl>fPiT 

F 

ECTCALC 

TDRS  West  ephemeris  processing 
permitted? 

i 

I 


j 

1 


I 
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B.3.8.3  Ephemerls  Conputatlon  (EPHEM)  Telemetry 

OBC  Telemetry  Reports  13-19  present  the  ephemerls  data  and  associated  ephemerls 
parameters.  Each  telemetry  report  is  25  words  (8  bit)  long  and  may  contain 
single  word  (18  bit),  double  word  (36  bit  word,  of  which  32  bits  are  used), 
triple  word  (54  bit  word  of  which  40  bits  are  used),  or  byte  (8  bit)  data  items. 
The  first  3 reports  (TLM  reports  13-15)  will  be  output  4 times  per  major  frame. 
The  last  4 reports  (TLM  reports  16-19)  will  be  output  once  per  major  frame  as 
shown  below: 


Report  // 
(Word  35) 

Minor  Frame 
Number 

Name 

13 

16,48,80,112 

EPHEM  01 

14 

17.49,81,113 

EPHEM  02 

15 

18,50,82,114 

EPHEM  03 

16 

58 

EPHF.M  04 

17 

59 

EPHEM  05 

18 

60 

EPHEM  06 

19 

61 

EPHEM  07 

I 


LSD-WPC-263 


SVS-10266 
Appendix  B 
31  December  1981 


Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

OBC  TLM 

Report  #13 

0000 

EOGBRF 

ECFCALC 

ECI  X axis  component  of 
computed  using  uplinked 

FS  position 
data 

0004 

EOGBRF 

ESFCALC 

ECI  Y axis  component  of 
computed  using  uplinked 

FS  position 
data 

0008 

EOGBRF 

ECFCALC 

ECI  Z axis  component  of 
computed  using  uplinked 

FS  position 
data 

0012 

EOGBVF 

ECFCALC 

ECI  X axis  component  of 
computed  using  uplinked 

FS  velocity 
data 

0016 

EOGBVF 

ECFCALC 

ECI  V axis  component  of 
computed  using  uplinked 

FS  velocity 
data 

0020 

EOGBVF 

ECFCALC 

ECI  L axis  component  of 
computed  using  uplinked 

FS  velocity 
data 
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Entry 

Generating 

Number 

Name 

Subroutine 

Description/Comment 

OBC  TLM  Report  fi^l4 


0000 

EOGBRFG 

ECGCALC 

ECI  X axis  component  of 
computed  using  GPS  data 

FS 

position 

0004 

EOGBRFG 

ECGCALC 

ECI  V axis  component  of 
computed  using  GPS  data 

FS 

position 

0008 

.EOGBRFG 

ECGCALC 

ECI  Z axis  component  of 
computed  using  GPS  data 

FS 

position 

0012 

EOGBVFG 

ECGCALC 

ECI  X axis  component  of 
computed  using  GPS  data 

FS 

velocity 

0016 

EOGBVEG 

ECGCALC 

ECI  Y axis  component  of 
computed  using  GPS  data 

FS 

velocity 

0020 

EOGBVFG 

ECGCALC 

ECI  Z axis  component  of 
computed  using  GPS  data 

FS 

velocity 
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Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

OBC  TLM 

Report  if  15 

0000 

EOGVCSEC 

ECTELEM 

GPS  running  consecutive  checksum 
error  count.  Initialized  to  0 

0003 

EOGVSHER 

ECTELEM 

GPS  running  conversion  error  counter 
Initialized  to  0 

0006 

EOGVARER 

ECTELEM 

Running  GPS  variance  error  count 
Initialized  to  0 

0009 

EOGVGTER 

ECTELEM 

No  new  GPS  time  running  counter 

0012 

EOGVDERR 

Undefined 

GPS  running  consecutive  data 
error  count.  Initialized  to  0 

0015 

E0GVF7D0 

ECTELEM 

Count  of  GPS  data  lost  because 
file  7 data  not  ready 
Initialized  to  0 

0018 

EOGVNFRE 

ECTELEM 

Count  of  GPS  files  lost  due  to 
buffer  not  free 
Initialize  to  0 

0021 

EOGVLOST 

ECGPBLD 

Count  of  nubmer  of  times  the  E.C. 
module  was  executed  since  last  good 
GPS 
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OBC  TLM  Report  //16 


Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

0000 

EOGVFAUl 

ECTELEM 

Residual  count  exceeded  counter  for 
FS  uplinked  data 
Initialized  to  0 

0003 

EOGVTALM 

ECTELEM 

Total  TORS  ephemerides  fit  interval 
exceeded  counter 
Initialized  to  0 

0006 

EOGWPU 

ECFCALC 

Uplinked  FS  ephemeris  normalized 
time 

0010 

EOGlrt’G 

ECGCALC 

GPS  ephemeris  normalized  time 

0014 

EOGWPT 

ECTCALC 

TDRS  ephemerides  normalized  time 
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Entry  Generating 

Number  Name  Subroutine  Description/Comment 


OBC  TLM  Report  H7 


0000 

EOGBPTDE 

ECTCALC 

ECI  X axis 
position 

component 

of 

TDRS-E 

0004 

EOGBPTDE 

ECTCALC 

ECI  Y axis 
position 

component 

of 

TDRS-E 

0008 

.EOGBPTDE 

ECTCALC 

ECI  Z axis 
position 

component 

of 

TDRS-E 

0012 

EOGBPTDW 

ECTCALC 

ECI  X axis 
position 

component 

of 

TDRS-W 

0016 

EOGBPTDW 

ECTCALC 

ECI  Y axis 
position 

component 

of 

TDRS-W 

0020 

EOGBPTDW 

ECTCALC 

ECI  Z axis 
pos ition 

component 

of 

TDRS-W 
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Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comnent 

OBC  TIM 

Report  iH8 

0000 

E0GOTT3 

ECCOLD 

Upper  time  limit  for  uplinked  FS 
ephemeris  interpolator 
Initialized  to  0 

0005 

E0GOTT3 

ECTDBLD 

ECCOLD 

TDRS  Interpolator 
upper  time  limit 
Initialized  to  0 

coefficients 

0010 

EOGOTTE 

ECTCALC 

TDRS  East  tine  of 

current  data 

0015 

EOGIv'TTV; 

ECTCALC 

TDRS  West  time  of 

current  data. 

0020 

EOGVNT 

ECTELM 

Uplinked  FS  Ephemeris  residual 
counter 
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Entry 

Number 

Name 

Generating 

Subroutine 

Descrlption/Coasent 

OBC  TIM 

Report  //19 

0000 

EOGWGTl 

ECTELEM 

Time  ol  current  first  grid  point  for 
GPS  Interpolation 

0005 

E0GWGT2 

ECTTELEM 

Time  of  most  recent  GPS  data 
(GUGWGTU2  for  use  In  E.C.) 

0010 

JEOGOTDAT 

ECTELEM 

Converted  GFS  to  spacecraft  time 
time 

0015 

EOGVINIT 

ECTELEM 

GPS  coefficient  update  program 
Initialization  indicator  (1,2,0) 
Initializated  to  1 

' 

0016 

EOGVMXTH 

ECGPBLD 

Max  time  without  data 
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B.3.8.6  Ephemeris  Computation  (EPHEM)  Flow  Charts 
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wmAL»3:g 
Ccccoto ) 


FUflfLGUP 
EOCWTgJ- 
GUGPLCUP 
TUCFLGUP- 
60GWTT3  - 


NO  COEFFICIENTS  YET 
U-'FER  GRID  TIME  • 0 (FS) 

NC  COEFFICIENTS  YET 
NOCOEFFICIEI^TS  VET 
UPPER  GRID  ViME  • 0 (TORSI 


C 


3 


DETERMINE.  AT  A GIVEN  POINT  IN  TIME. 
THE  POSITION  ANO  VELOCITY  OF  THE  f S 
AND  TM6  POSITION  OF  niRS 

SAVE  THE  TEtEMETRV  REPORTS  SETA 
From  EXTENDED  ACCUMULATOR. 


TEST  FOR  COLD  START 


>^Es  r 

t>’  CALL  ECCOLD 


TETt  IF  FJ  EPHEMERIS 
PROCESSING  FROM 
UPLINKED  COC 
PARAMETrRS  IS 
PERMITTED 


TESTIFFS'^PHEMERIS 
PflOCESSINS  FROM  GPS 
DATA  (S  FeRMITTED 


TEST  IF  TORS  EPHEMERIS 
PROCESS. .VG  IS  CURRENTLY  - 
PERMITTEO 


BEGIN  COEFFICIEr.'T  TESTING  &NO.PAwCrSSiNa 


IS  FS  EPHEMERIS  COMPUTATiO.N  ALLOWED 


TELEMETRY  POINT 

SYSTEM  TABLE  ENTRY 

■ TELEMETRY  POINT  L 
SYSTEM  TABLE  ENTRY 


CALCULATE  NEW 
POS/VELCCITV  VALUES 


15  TOPS  cPHEM  COMPUTATION  ALLOWED 


CALCULATE  NEW  TORS 
EAST/WcST  POS  COMP. 


RETURN  TO  SOP  THRU  ‘TIN  * INSTRUCTION 


Figure  B.3.3-2.  EPHEM, ECCOLD  Flow  Charts 


b.3”102 


pJllfflNAL  PAGE  IS 
QE  QUALITY 


I fUGFlCUP  *2  I UCUP  MOVE  NEW  DATA 

SET  START  Or 

NE'iVOATA  FLAQ 
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) REQUEST  UCUP  EXECUTIsM 
JwiTNiNtTlAUZATlON 


STORE  NEW  CO'-.rfS. 


.LMtTBv  .roixr  I 

S-ITtM  T»Bl.e  I 

' ,;y  *Ol’«T  t I 

. esT«V  I 


^ RtTUBN  ^ 


Figure  3. 3. 8-3.  ECFSBLD  Flow  Chart 
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POSITION  AND  VELOCITY  FROM  THE 
UPLINKED  EPHEMERIS  PARAMETERS 


COMPUTE  THE  NORMALIZED  TIME 


NORMALIZED  TIME  AND 
INTERPOLATOR  COEFFICIENTS 
ARE  USED  TO  COMPUTE  THE 
EPHEMERIS  coefficients; 
USING  THE  4 POINT  HERMITE 
POLYNOMIAL  INTERPOLATION 
^ ALGORITHM  POLYNOMINAL 

COMPUTE  THE  FS  VELOCITY  COMPONENTS  I - 1 TO  3 i 


CALL 

POLY  (ECLBUC  (I,  9),  EOGWPU,  EOGBVF  (I),  6,  B) 


TELEMETRY  POINT 

SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  t 

SYSTEM  TABLE  ENTRY 


COMPUTE  THE  FS  POSITION  COMPONENTS  I » 1 TO  3 


CALL 

POLY  (ECLBUC  {(,  1),  EOGWPU,  EOGBRF  (I),  7,  3) 


(ecfcalc^ 


A. 


EOGWPU  « (TF  - ECLWE2I  * EIGWTGR 


FOR  I ■>  1 TO  3 


’•lilure  B.3.8-4.  ECFCALC  Flow  Chare 
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REPLACE  OLD  EXTRAPOLATED  COEFFICIENTS 
WITH  NEW  CALCULATED  FROM  THE  BACKGROUND 
PROCESSOR  GCUP 


ORIGIIVAL  PAGE  fS 
Or  POOR  Qu'ALiTy 


YES- 2 ^^uGFLGUPV  NO  NEW  COEFFICIENTS 

NEW  COEFFXENTS  “N.  -2 

ARE  READY  ? 


ECLVNGU-  EIGVNGMX 

ziiciiz: 


RESET  NO  NEW  COEFF  CONTER 
TO  MAX  VALUE 


EOGVLOST  - 0 


^ COMMENT 


REPLACE  OLD  COEFFICIENTS 
WITH  NEW  FROM  GCUP 


FOR  J - 1 TO  9 


FOR  1 « 1 TO  3 

zm: 

■ 

ECLBGCd.  J)  - GUGBGCU  (1.  J) 

HHHKwHHHIHlii 

1-1  + 1 

J - J + 1 


ADVANCE  THE  FIT 
INTERVAL  TIME 

EOGWGT2  - GUGWGTU2 
ECLWGTR  - GUGWGTUH 


RESET  THE  NEV/  COEFFICIENTS 
FLAG  FOR  BACKGROUND 


GUGFLGUP - 3 


Figure  B.3.3-5.  ECGPSLD  Flew  Chart 


TELEMETRY  hOINT 

SY  ITEM  TABLE  ENTRY 

— TELEMETRY  POINT  t 

SYSTEM  TABLE  ENTRY 
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COMPUTE  THE  POS  8i  VEL  OF  THE  FS 
USING  THE  GPS  DATA 
NORMALIZED  TIME  IS  USED  AS  WELL 
AS  THE  EXTRAPOLATOR  COEFFICIENTS 


COMPUTE  THE  GPS  POSITION 
COMPONENTS  FOR  THE  FS 

COMPUTE  THE  GPS  VELOCITY 
COMPONENTS  FOR  THE  FS 


TELEMETRY  POINT 

SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  6 

SYSTEM  TABLE  ENTRY 


Figure  B.3.8-6.  ECGCALC  Flow  Chare 
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TCLL  OACKGROUMO  TO  USE  NCM  DATA 
SET  START  0^  NEW  DATA  TLAO 


REQUEST  TCUf  EXECUTION 
MfTH  INITIALISATION 


NOT  NEW  DATA  ^ 

BUTNEWCOCEfS.  START  OF  NEW  DATA»> 

'^CLFTNEw\ yPS 


. SET  UP  FOB  NEW 
INTERVAL 


■ ' 1 

INITIAL<2€  LOWfR  LIMIT  1 

|>eclwtt:-tos£t 

I TO  4 

FOR  I • 1 TO  3 


ECL8TEC  II. 

J»  - TU08T6CN  II,  Jl 

i 

L 

ECLBTYJC  l».  J)  • TUGSrWCH  U.4\ 

roR  J ■ 

• MOA 

1 

t 

FCR  1 • 

1 TO  3 

ECLBTEC  lUl  • TUGBTrCN  (IJI 
ECLBrwC  nj)  - TUOBTWCN  tiJ) 


[ COEFF  not 

COIFFJ  J 

TUCFLGUP  • 4 

1 READY 

NOT  ready 

TUQFLGUF-A 

I 

t-. 

1 

t. 

/ CALL  #X;rL  (UTCUP.  RSQl 


RESET  NEW  DATA  • 
FLAG 


o£TunM  ^ 
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B.3.9  UPLINKED  FS  EPHEMERIS  COEFFICIENT  UPDATE  (UCUP) 

B.3.9.1  Uplinked  FS  Ephemerla  Coefficient  Update  (UCUP  Processor  Description 

The  function  of  the  Uplinked  FS  Ephemerls  Coefficient  Update  (UCUP)  processor  Is 
the  processing  of  uplinked  Flight  Segment  OBC  parameters,  and  computation  of 
interpolator  coefficients  for  utilization  by  the  Ephemerls  Computation  (EPHEM) 
processor. 

UCUP  Is  a long  period,  or  background,  processor  nominally  executed  every  614.4 
seconds.  The  execution  of  this  processor  Is  requested  by.  the  Ephemerls 
Computation  (EPHEM)  processor.  When  a new  set  of  OBC  parameters  is  uplinked, 
the  UCUP  processor  moves  the  data  Into  a working  buffer.  These  uplinked  OBC 
parameters,  prepared  by  the  Orbit  Computation  Group  (OCG),  and  uplinked 
nominally  every  24  hours,  consist  of  Fourier  power  series  coefficients  for  each 
component  of  Landsat-D  position  and  velocity,  together  with  position  residuals 
at  a nominal  grid  point  spacing  of  10  minutes.  The  format  of  the  OBC  parameter 
tape  Is  shown  in  Figure  10-9  and  10-10  of  GES-10140,  ”Landsat-D  GS  to  OCG  ICD, 
26  March  1981. 

The  UCUP  processor  consists  of  5 subroutines  as  delineated  in  Table  B.3.9-1  and 
the  UCUP  control  function.  This  processor  subroutine  flow  Is  diagrammed  In 
Figure  B .3  .9-1 . 

When  the  UCUP  processor  Is  called  by  EPHEM,  UCUP  first  checks  to  see  If  the 
processor  has  to  be  initialized,  and  If  so,  requests  the  subroutine  FUCOLD, 
which  resets  the  residual  exceeded  counter  to  zero.  If  it  is  time  to  use  new 
data,  indicated  by  the  flag  FUFLUP=2  set  in  EPHEM,  UCUP  moves  the  new  data  to 
Che  working  buffer,  and  Initializes  the  vector  table  of  position  and  velocity 
components  in  FUIVT.  If  njGFLUP?^2,  Indicating  that  UCUP  is  not  using  new  data, 
Che  vector  table  is  updated  utilizing  the  subroutine  FUU\'T.  In  either  case, 
position  and  velocity  components  of  Landsat-D  FS  are  generated  for  four  gsld 
points  (4  times  values  10  minutes  apart  nominally)  using  Che  uplinked  Fourier 
coefficients  and  the  position  residuals.  This  Is  accomplished  in  the  subroutine 
FUFPS. 

The  subroutine  FUCIC  then  generates  interpolator  coefficients  for  a four  point 
Hermite  polynomial  fit,  for  utilization  by  EPHEM  in  generating  Landsat-D  FS 
ephumeris.  UCUP  then  resets  the  flag  FUGFLGUP“3  indicating  that  new  coefficients 
are  ready,  and  returns  control  to  the  Flight  Executive. 

The  Uplinked  FS  Ephemerls  Coefficient  Update  (UCUP)  Processor  utilizes  Flight 
Segment  Software  System  Table  1133.  This  system  table,  UDATA-FS  Ephemeris 
Computation  Data,  consists  of  time  values  to  indicate  when  new  data  is  to  be 
used,  coefficients  of  Fourier  power  series  for  FS  position  and  velocity 
componenr.s,  and  position  residuals.  Details  of  this  system  table  are  presented 
in  Sectlc/n  B .3  .9 .4  . 


This  processor  generates  no  telemetry  reports. 
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Uplinked  FS  Ephemerta  Coefficient  Update  (UCUP) 


Number: 

Type: 

Priority: 

Period: 

Function: 


Subroutines : 


17 

Background 

15 

614.4  seconds 

Processing  of  new  set  of  uplinked  FS  OBC  data 
and  computation  of  new  set  of  Interpolator 
coefficients  for  utili::ation  by  the  EPKEM 
processor  for  generation  of  FS  position  and  j 
velocity.  Requested  by  EPHEM  processor. _ j 


i 

i 

I 

i 


FUCOLD 

FUr/T 

FUUVT 

FUFPS 

FUCIC 


Cold  start  initialization 
Initiation  of  vector  table 
Update  of  vector  table 

Computation  of  FS  ephemeris  using  Fourier 
power  series 

Computation  of  FS  interpolator  coefficients 


System  Tables: 

# Mneumonic  Type  If  Words  Description 

33  UCUP  Variable  1059  Uplinked  FS  Ephemeris 

Computation  Data 

Telemetry  Reports:  None 
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B .3 .9 . 2 Uplinked  FS  Ephemerls  Coefficient  Update  ( UCUP)  Processor  Operation 

The  UCUP  processor  consists  of  the  UCUP  control  function  end  subroutines  as 
Indicated  In  Section  B.3.9.1.  The  control  function  Is  described  in  Section 
B.3.9.1.  Sections  B. 3. 9. 2.1  through  B.3.9.2.5  describe  the  subroutines. 

B. 3. 9. 2.1  FUCOLD  Subroutine 

FUCOLD  is  the  routine  which  initializes  a counter  when  a “cold  start"  condition 
exists  (bit  I and  2 of  the  ACCUMULATOR  Is  set  when  the  module  UCUP  Is  called). 

B.3.9.2.2  FUIVT  Subroutine 

FUIVT  Is  the  routine  which  Initializes  the  vector  table  of  fit  points  and 
associated  position  and  velocity  components.  Three  fit  point  times,  starting  at 
the  Initial  tlaie  of  the  uplinked  FS  ephemerls  residuals,  are  used  to  find  the 
components  at  the  fit  point  times  by  .calling  the  Fourier  power  series  routine 
FUFPS.  The  corresponding  uplinked  residual  valv.es  are  added  to  the  position 
vectors.  The  next  fit  point  time  Is  computed  and  the  residual  counter  (EOCVNT) 
la  Incremented  by  3 for  use  In  the  routine  FUUVT. 

B.3.9.2.3  FUUVT  Subroutine 

FUU\'T  updates  the  vector  table  for  uplinked  FS  ephemerls  processing.  This 
routine  does  essentially  the  same  processing  as  tlie  routine  FUIVT  except  only 
the  most  recent  grid  time  Is  worked  on.  Initially  the  vectors  are  moved  to  arike 
room  for  the  new  fit  point  time.  The  Fourier  power  series  routine  FUFPS  Is 
called  by  FUUVT  to  calculate  the  values  for  slot  4 of  the  vector  table.  FUUVT 
checks  that  the  residual  counter  does  not  exceed  the  maximum  allowed  residual 
count  uplinked  from  ground  and  adds  the  corresponding  residual  v.slues  to  the 
position  components.  The  residual  counter  Is  Incremented  by  1 for  the  next 
pass.  If  the  maximum  residual  count  Is  exceeded,  no  residual  values  arc  added 
and  an  error  counter  (EOCVF;U,M)  is  Incremented.  In  either  case,  tlie  next  fit 
point  tine  Is  computed  and  control  Is  returned  to  trie  control  function  (UCUP). 

B.3.9.2.4  FUCIC 

FUCIC  Is  the  routine  which  calcul.ites  the  coef f Icl enits  for  a 4 point  Hermite 
Interpolator  polynomial  using  the  data  from  the  prior  components  FUIVT  and 
FUIVT. 

B.3.9.2.5  FUFPS 

FUFPS  evaluates  the  Fourier  power  series  for  a coordinate  (position  or  velocity 
component)  at  the  current  fit  point  time.  There  are  two  arguments  In  the 

calling  sequence  to  this  routine  - the  location  where  t'he  result  Is  to  be  stored 
and  the  column  Index  of  the  array  of  uplinked  coefficients  for  ti'.e  Fourier  power 
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series  equation.  This  array  consists  of  6 sets  (3  position  and  3 velocity)  of 
42  coefficients  each.  The  remaining  values  used  by  FUFPS  are  fit  point  time 
dependent  and  are  therefore  used  from  their  respective  local  storage  areas. 

B.3.9.3  Uplinked  FS  Ephemerls  Coefficient  Update  (UCUP)  Software  Constraints 

Execution  of  the  UCUP  processor  occurs  when  called  by  the  EPKEM  processor.  This 
processor  requires  periodic  uploading  of  OBC  parameters  for  execution. 

B .3 .9  .4  Uplinked  FS  Ephemerls  Coefficient  Update  (UCUP)  System  Tables 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

System 

Table  #33  - 

— j 

UDATA  (Uplinked  FS  Ephemeris  Computation  Data) 

0000 

NEWDATA 

F 

UCUP, 

ECFSBLD 

(EPUEM 

processor) 

Upllnlceu  data  ready  flag 

0001 

TSTART 

V 

ECFSBLD 

(EPHEM 

processor) 

Time  to  initiate  transition 
to  new  E.C.  data  set 

0004 

TUSE 

ECFSF-LD 

(EPEHM 

processor) 

Time  to  utilize  new  E.C.  data 
set  in  EPHEM 

0007 

EIGWTIST 

V 

FURVT, 

UCUP 

Time  of  first  uplniked  FS 
ephemeris  residual 

i 0009 

i 

j 

Ei'GBNT>a 

V 

FUUVT 

Maximum  number  of  valid  position 
residuals 

i 0010 

1 

EIGVNT 

V 

FUIVT, 

FUUTT 

Uplinked  FS  ephemeris  residual 
number 

; 0011 

EIGWWFS 

V 

FUUVT, 

FUIVT 

Fundamental  frequency 

0013 

EIGW2ND 

V 

FUIVT, 

FUUVT 

Secondary  frequency 

0013- 
: 0518 

EIGCA 

V 

FUFPS 

Coefficients  of  Fourier  power 
series  for  position  of  velocity 

0519- 

1058 

1 

1 

1 

\ 

i 

EIG8RES 

V 

FUIVT, 

FS  position  residuals  at  fit 
points 
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B.3.9.S  Uplinked  FS  Ephemeris  Coefficient  Update  (UCUP)  Telemetry 
None 


B .3  .9 .6  Uplinked  FS  Ephemeris  Coef f Iclent  Update  (UCUP)  Flov  Charts 
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ACCUMULA 
•AND- 3 

\'V 


.TEST  FOR  COLD  START  RESET  RcSIOUAL 

EXCEEDED  COUNTER 


CALL 

FUCOLD 


EOGVFALM  “0 


RETURN 


IT  :S  TIME 

FlIGFl  GUP^~''°  NEW  DATA? 


MOVE  TO  WORKING  BUFFER 


CALL 

MOVE  (NEWDATA  +7,  EIGWTIST.  1052> 

_ 

I"  ■■  - ^ STORE 

EOGVNT  - EIGVNT  RESIDUAL 
■■  ’■'  ' •*  COUNTER 

NEWDATA  - C I RESET  NEW  DATA  FLAG 


EOGVFALM  - 0 


RESFT  RESIDUAL 
ERROR  COUNTER 


CALL  initialize  VECTOR 

FUlVT  TABLE 


FUUVT 


UPDATE  THE  VECTOR  TABLE 


COMPUTE  INTERPOLATOR  COEFFICIENTS 


,SET  FUGFLGUP-3 


I FLAG  TO  EPHEM  PROCESSOR  THAT  THE  NEW 
! COEFFS.  ARE  READY. 
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> 


TIME  OF  1ST 

UPLINKED  FS  EPHEM  RESIDUAL 
FUNDAMENTAL  FREQUENCY 


Figure  B.3.9-3.  FUIVT  Flow  Chart 
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FIGURE  B.  3.9-4  FUU'/T  .Flow  Chart 
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^ FUCIC  ^ 


COMPUTE  INTERPOLATOR 
COEFFICIENTS 


FOR  J=1  TO  J = 3 
IN  STEPS  OF  1: 

COMPUTE: 

FUGBUCN  (JJ)  TO 
FUCBUCN  (J,15) 


COMPUTE  INTERPOLA' 
COEFFICIENTS 
FOR  COMPUTATION 
OF  FS  EPHEMERIS 
IN  EPHEM 
PROCESSOR. 


OR 


I 

^RETURN^ 


Figure  B.3.9-5.  FUCIC  Flow  Chart 
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b.3.10  tors  ephemeris  coefficient  update  (TCUP) 

B. 3.10.1  TORS  Ephemeris  Coefficient  Update  (TCUP)  Processor  Description 

The  function  of  the  TDRS  Ephemerle  Ltifflclent  Update  (TCUP)  prccesaor  Is-  the 
processing  of  uplinked  OBC  parameters  to  generate  Interpolator  coefficients 
required  for  the  computation  of  TDRS-East  and  TDRS-West  position  by  the 

Ephemeris  Computation  (EPHEM)  processor.  The  TCUP  processor  computes 
Interpolator  coefficients  for  both  TDRS-East  and  TDRS-West  position.  These 

coefficients  are  used  by  the  EPHEM  processor  to  generate  position  of  TDRS-East 
and/or  TDRS-West. 

TCUP  Is  a long  period,  or  background,  processor  nominally  executed  every  614.4 
seconds.  The  execution  of  this  processor  Is  requested  by  the  Ephemeris 
Computation  (EPHEM)  processor.  When  a new  set  of  TDRS  OBC  parameters  Is 
uplinked  and  It  Is  tine  to  use  this  new  data,  the  TCUP  processor  moves  the  new 
data  into  a working  buffer.  These  uplinked  data,  prepared  by  the  Orbit 

Computation  Group  (OCG)  and  uplinked  nominally  once  every  24  hours,  consists  of 
Fourier  power  series  coefficients  for  each  component  of  position  for  both  TDRS- 
East  and/or  TDRS-West  satellites.  The  OBC  parameter  tape  format  Is  shown  in 
Figures  lO-U  and  10-12  in  GES-10140,  "Landsat-D  GS  to  OCG  ICD"  March  26,  1981. 

The  TCUP  processor  consists  of  5 subroutines  as  delineated  In  Table  B. 3.10-1  and 
the  TCUP  control  function.  The  processor  subroutine  flow  is  diagrammed  In 
Figure  B. 3. 10-1. 

When  the  TCUP  processor  Is  requested  to  be  executed  by  tl^e  Ephemeris  Computation 
(EPHEM)  procei'sor  and  TCUP  processing  initiated,  TCUP  first  checks  to  see  if  the 
processor  has  to  be  inltiallred,  and  if  so,  requests  the  subroutine  TUCOLD, 
which  resets  the  fit  time  exceeded  counter  to  cero.  If  It  Is  time  to  use  now 

uplinked  data,  indicated  by  the  flag  TUGELGUP“2  set  in  EPHEM,  TCUP  moves  the 

data  to  a working  buffer , resets  the  new  data  flag,  the  time  exceeded  counter 
and  Initializes  the  vector  table  of  TDRS-E.ist  and  /or  West  position  components 
by  executing  the  subroutine  TUIVT.  If  TUGKLGUr/'2 , indicating  that  TCUP  is  not 

using  new  data,  the  vector  table  is  updated  by  executing  tlie  subroutine  TUUVT. 

In  either  case  , pos i t ion  components  for  TDRS-rSast  and/or  West  are  generated  for 
four  fit  point  times  using  the  uplinked  Fourier  coefficients,  uplinked  in  System 
Table  f?34.  Thir  is  accomplished  by  executing  subroutine  TUFPS. 
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The  subroutine  TUCIC  then  generates  Interpolator  coefficients  for  a four  point 
Hermlte  polynomial  fit,  for  utilization  by  EPHEM  in  generating  TORS  ephemeris. 
TCUP  then  resets  the  flag  TUGFLGUP*>3  indicating  that  new  coefficients  are  ready, 
and  returns  control  to  the  Flight  Executive. 

The  TORS  Ephemeris  Coefficient  Update  (TCUP)  processor  utilizes  Flight  Segment 
Software  System  Table  ?34.  This  system  table,  TDATA-TDRS  Ephemeris  Computation 
Data,  consists  of  time  values  to  indicate  utilization  tine  for  the  new  data,  and 
Fourier  power  series  coefficients  for  TDRS-East  and/or  West  position  components. 
Details  of  this  system  table  are  presented  in  Section  B.3.10.4. 
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Figure  B. 3. 10-1.  TCUP  Top  Level  Diagram 
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TORS  Ephemeris  Coefficient  Update  (TCUP) 


18  . . 
Background 
16 

614.4  seconds 

Processing  of  new  set  of  TORS  ephemerls  data 
and  computation  of  new  set  of  Interpolator 
coefficients  for  utilization  by  the  EPHEM 
processor  for  generation  of  TORS  East  and 
West  positions.  Requested  by  the  EPHEM 
processor. 

Subroutines: 


TUCOLD 

Cold  start  Initialization 

TUIVT 

Initiation  of  vector  table 

TUUVT 

Update  of  vector  table 

TUFPS 

Computation  of  TORS  ephemerls  using 
Fourier  power  series 

TUCIC 

Computation  of  TDRS  interpolator 
coefficients 

System  Tables: 

//  Mneumonic  Type 

ff  Words  Description 

34  TCUP  Variable 

111  TDRS  Ephemerls 

Computation  Data 

Telemetry  Reports: 

None 

Number: 

Type: 

Priority: 

Period: 

Function: 
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B.3.10.2  TORS  Ephemerls  Coefficient  Update  (TCUP)  Processor  Operation 

The  TCUP  processor  consists  of  the  TCUP  control  function  and  the  5 subroutines 
as  delineated  in  Section  B.3.10.1.  The  control  function  is  detailed  In  this 
section. 

Sections  B. 3. 10. 2.1  through  B.3.10.2. 5 give  the  details  of  the  subroutine 
operation. 


B. 3. 10. 2.1  TUCOLD  Subroutine 

TUCOLD  Is  the  routine  which  Initializes  a counter  when  a "cold  start”  condition 
exists  (bit  1 or  2 of  the  ACCUMULATOR  is  set  when  the  module  TCUP  is  called). 

B.3.10.2. 2 TUIVT  Subroutine 

TUIVT  Is  the  routine  which  Initializes  Che  vector  table  of  fit  points  and 
associated  position  components  for  East  and  West  ephemerides.  Three  fit  point 
times,  starting  at  the  Initial  time  of  the  TORS  ephemerls  fit  Interval,  are  used 
to  find  the  components  at  the  fit  point  times  by  calling  the  Fourier  power 
series  routine  TUFPS.  The  next  fit  point  time  is  also  computed  for  use  in  the 
routine  TUUVT.  If  this  Is  the  very  first  uplinked  data  set  (cold  start),  grid 
times  TT2  and  TT3  are  stored  for  use  by  the  module  EPHEM. 

B. 3. 10. 2. 3 TL'UVT  Subroutine 

TUUVT  updates  the  vector  table  for  TDRS  ephemerls  processing.  This  routine  does 
essentially  the  same  processing  .as  the  routine  TUIVT  except  only  the  most  recent 
grid  time  is  worked  on.  Initially  the  vectors  are  moved  to  make  room  for  the 
new  fit  point  time.  This  new  fit  point  time  is  TULWTS  and  the  Fourier  power 
series  routine  (TUFPS)  is  called  by  TUU\’T  to  calculate  the  values  for  slot  4 of 
the  vector  table.  FUUVT  checks  that  the  new  fit  point  time  does  not  exceed  the 
last  time  for  the  TDRS  ephemerls  fit  Interval.  If  the  last  time  is  exceeded, 
the  time  exceeded  counter  (EOGVTAL.M)  Is  incremented.  Error  or  not,  the  next  fit 
point  time  is  computed  and  control  is  returned  to  the  control  function  TCUP. 

B.3.10.2. 4 TUCIC  Subroutine 

TUCIC  l.s  the  routine  which  calculates  the  coefficients  from  a •'*  point  Hermlte 
interpolator  polynomial  using  the  data  from  the  prior  routines  TUIVt  and  TUUVT. 

B.3.10.2. 5 TUFPS  Subroutine 

TUI  PS  evaluates  the  Fourier  power  series  for  a coordinate  (East  or  West  position 
component)  at  the  current  fit  point  time.  There  are  three  arguments  in  the 
calling  sequence  to  TUFPS  - the  location  where  the  result  is  to  be  stored.  Che 
column  ir.dox  of  Che  array  of  coefficients  for  Che  Fourier  power  series  equation. 
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and  a direction  Indicator  (l=East,  2=West).  The  coefficients  for  the  Fourier 
power  series  consists  of  3 sets  of  8 coefficients  for  East  and  3 sets  of  8 
coefficients  for  West.  The  remaining  values  used  by  TUFFS  are  fit  point  tinse 
dependent  and  are  therefore  used  from  their  respective  local  storage  areas. 

B.3.10.3  TORS  Ephemerls  Coefficient  Update  (TCUP)  Software  Constraints 

Normally,  a new  set  of  OBC  parameters  must  he  uplinked  before  the  end  of  the 
valid  time  Interval  for  current  data  set. 

B.3.10.4  TORS  Ephemerls  Coefficient  Update  (TCUP)  System  Tables 
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1 

1 

1 

j Entry 

Name 

TLM 

Type 

Using 

Subroutine 

- 

Description 

System  Table  ^34  - 

TDATA 

(TDRS 

Ephemeris  Coaputatlon  Data) 

0000 

NEWDATAT 

F 

TCUP , 
ECTDBLD 

Uplinked  TDRS  data  ready  flag 

0001 

TSTARTT 

V 

ECTDBLD 

(EPHEM 

processor) 

Time  to  initiate  transition  to 
new  TDRS  uplinked  data  set 

0004 

TUSET 

V 

ECTDBLD 

(EPHEM 

processor) 

ime  to  use  the  new  TDRS  data 

' 

0007 

EIGWTTl 

V 

TUIVT, 

TCUP 

Time  of  first  TDRS  fit  Interval 

0009 

EIGVTTTL 

V 

TUUVT 

1 

Time  of  last  TDRS  fit  Interval 

0011 

EIGW/TE 

V 

TUIVT, 

TUUVT 

Fundamental  frequency  for 
TDRS-E  fv^urier  power  series 

0013 

EIGVWTW 

V 

TUIVT, 

TUUVT 

Fundamental  frequence  for 
TDRS-W  fourler  power  series 

0015- 

0060** 

EIGBBE 

V 

TUFPS 

Fourier  power  seles 
coefficient  for  TDRS-E  position 

0061- 

0110** 

EIGBBW 

V 

T,.ppS 

Fourier  power  series 
coefficients  for  TDRS-W  position 

] 

**  These  are  double  precision 

. 

- 

coef  f Icients; 

24  for  EIGBBE  and  24  for  EIGBBW 

1 

\ 

1 

1 

1 

1 
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B.3.10.5  TDRS  Ephemerls  Coefficient  Update  (TCU?)  Telemetry 
The  TCUP  processor  generates  no  telemetry  reports. 

B. 3. 10.6  TDRS  Ephemerls  Coefficient  Update  (TCUP)  Flow  Charts 
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Figure  8.3.10-2.  TCu?  Flow  Chart 


B 


128 


TORS  VECTOR  TABLE 
INTIALIZATION 


r ^ nP.'.G'=NAu 

tuivt  J pq,jr 


SVS-102.66 
Appendix  B 
31  December  1981 


TULWTS  = EIGWTT1 


STORE  1ST 
FIT  POINT 
TIME 


FOR  K=2  THRU  4 IN 
STEPS  OF  1: 

TULWSTE  = DSIN  [(TULWTS)  (■EJCWWTE)j 
TULWSTW  = OSIN  [(TULWTS)  (EIGWWTWlj 
TULWCTE  = DCOS  {(TULWTS)  (EIGmVTF.)j 
TULWCTW  = DCOS  [(TULWTS)  (EIGWWTW); 


COMPUTE  SINES  E -COSINES 
AT  FIT  POINT  TIME 


1. 

FOR  1=1  TO  3 IN  STEPS  OF  1; 
CALL  TUF'^S  (TULBTXE(I,K).I,1) 
CALL  TUFPS  (TULBTXV.’(I.K)  J,  1) 


COMPUTE  TORS  POSITION 
COMPONENTS  USING 
FOURIER  POWER  SERIES 
FIRST  COMPUTING  TORS 
EAST  AND  THEN  TORS  WEST 
COMPONENTS 


TULWTS  = EICWTTl  + EICV/TTC 


SET  THE  NEXT  REQUIRED 
FIT-POINT  TIME 


c 


RETURN 


**  * •*  TELEMeiRY  POINT 

system  TAOLE  tNTPY 

telemetry  '-*01NT  !. 

SYSTEM  T*8LE  ENTRY 


FIGURE  B.  3.10-3  TUI\T^  Flow  Charr 
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FIGURE  B. 3. 10-4  TUUVT  Flow  Chart 
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COMPUTATION  OF  TORS 
EPHEMERIS  USING 
FOURIER 
POWER  SERIES 


PART  1 = TULWCTE*(E1GBBE{IX,5)  + 
TULWTS*EIGBBE(Vx’6) - 
+ TULWSTE*EiGBBE(IX,8)) 
PART  2 =>  TULWSTE*iEiGBBE(lX,3)  +- 
TULVVTS*EIGBBE(Vx,4)- 
+ TU  L WSTE  *‘eVg’b  B E ( I X .7 ) ) 

PART  3 = TULWTS'EIGBBEilX^) 

D - EIGBBEdX.D  + PARTI  +PART2  + 

"parts 


PART  1 = TULWCT\''/‘(EIGBBW(1X,5)  + 
TULVVTS*ElG8BW(ix,6)  - 
+ TULWsf'W'EJGBOWdX.B)) 
PART  = 2 TULWSTW*YeiGBBW(IX.3)  + 
TULWTS’EIGBBwOx.i)  - 
+ T U L VVSiSv  ♦ E jG  B BW  ( I X .7 ) ) 
PART  3 = TULWTS*E!GBBVyUX;2l 
D = EIQBBV'V(IX,1>  + PARt’i  +PART2  + 
' 'part  3 
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telemetry  point  t 
SYSTEM  TADLE  entry 


FIGURE  B. 3. 10-5  TUFFS  Flow  Chare 
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COMPUTE  INTERPOLATOR 
COEFFICIENTS 


COEFFICIENT 

COMPUTATION 

FOR 

TORS  EAST 


FOR  J 

= 1 TO  3 IN  STEPS  OF 

1 

TUGBTECN 

(JJ) 

= TULBTXE  (J,2) 

TUCBTECN 

(J.2) 

= TULBTXE  (J,3) 

-1/2  TULBTXE  (J,2) 

-1/3  TULBTXE  (J,l)+1/2  TULBTXE 
(J,4) 

TUGBTECN 

(J.3) 

= 1/2  (TULBTXE  (J,1)  + 
(J,3)) 

- TULBTXE  (J,4) 

TULBTXE 

TUCBTECN 

(J,4) 

= 1/2  (TULBTXE  (J,2) 
(J,3)) 

+1/6  (TULBTXE  (J,4) 
(J.D) 

- TULBTXE 
- TULBTXE 

COEFFICIENT 

COMPUTATION 

FOR 

TORS  WEST 


UTILIZE  THE  SAME  EQUATION  FORM  AS  THOSE  USED 
TO  COMPUTE  TORS  EAST  COEFFICIENTS  EXCEPT  USE 
APPROPRIATE  TORS  WEST  COEFFICIENTS,  I.E.; 

TUCBTWCN  (J,l)  = TULBTXW  (J,2)  . 


RETURN 


FIGURE  B. 3.10-6  TUCIC  Flow  Chare 
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3.3.11  TDRS  A.NTENNA  POINTING  MODULE  (APCM) 

3.3.11.1  TDRS  Ancenna  Pointing  Module  (APCM)  Processor  Description 

The  function  of  the  TDRS  Ancenna  Pointing  Module  (APCM)  processor  Is  to  command 
the  orientation  of  the  TDRS  Antenna.  This  processor  provides  control  capability 
for  the  TDRS  Antenna  to  function  in  the  Autocrack,  Program  Track,  and  Slew  mode. 
Additionally,  the  processor  has  the  capability  to  command  and  control  the  TDRS 
antenna  to  function  in  the  Backup  Search  mode.  Finally,  the  APCM  processor 
provides  failure  detection  and  correction  capability. 

The  APCM  processor  is  a foreground  processor  executed  nominally  every  0.256 
seconds.  Execution  is  requested  by  the  Spacecraft  Control  Processor  (SCP),  and 
Che  APCM  processor  has  a priority  of  5.  This  processor  consists  of  16 
subroutines  and  a control  function  APCM  as  delineated  in  Table  3.3.11-1. 

Hie  TDRS  Antenna  Pointing  Module  (APCM)  Processor  is  structured  as  a series 
of  nested  subroutines.  The  APCM  control  function  has  the  capability  of  calling 
nine  of  tlie  processor  subroutines. 

All  otlier  processor  subroutines  are  called  by  one  of  these  nine. 

The  APCM  processor  utilizes  System  Tables  26  and  27.  These  system  tables 
provide  Che  capability  for  uplinking  Antenna  commands  and  also  TDRS  Ancenna" 
system  parameters.  These  parameters  include  alignments,  switching  chrcshhoLds, 
and  failure  threshhold  levels. 

Additionally,  the  TDRS  .Antenna  Pointing  Module  (APCM)  Processor  outputs 

four  telemetry  reports.  These  reports  - OliC  Telemetry  Reports  20  through  23  - 

are  output  four  tines  per  major  frame. 
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Number : 
Type: 
Priority: 
Period: 
Funct ion: 


Subroutines: 


7 

Foreground 

5 

0.256  seconds 

Command  the  orientation  of  the  TORS 
Antenna,  utilizing  Program  Track,  Autotrack, 
Backup  Search,  and  Slew  operation. 


I 

! 

j 


I 

I 

! 

i 

i 


API  NT 

PREFLTR 

GRSDATA 

APRQEST 

VERIFY 
UPDATE 
MO DEI  NT 

MODESWI 

PR0TR.\K 

TAROUNU 

TRAKERR 

BUSERCH 

SLEW 

AUTOTRK 


NEW STEP 
SENCMDS 


System  Tables: 


Antenna  pointing  initialization 

Retrieve  and  filter  ATR  data 

Retrieve,  convert  glmbal  angles,  and  compute 

azimuth  gain  correction  factor 

Validate  and  update  antenna  pointing  request 

commands 

Validate  antenna  pointing  request  commands 
Secs  antenna  pointing/control  flags 
Initialize  variables  required  by  current 
pointing  mode 

Check  CO  see  if  time  to  e;tic  current 
pointing  mode 

Program  track  error  computation 
Turnaround  maneuver  computation 
Tracking  error  computation 
TORS  backup  search 

Open  loop  antenna  drive  at  specified  rate 
Ancenna  drive  command  computation  based  on 
auCotrack  receiver  cracking  errors 
Ancenna  step  command  computation 
Step  command  sending 


Mneu'monlc 
2 6 IZ  (JUEUE 
2 7 a.;ti>arm 


Type 

Variable 
Va  riab  le 


Words  Description 

up  CO  Ancenna  Commands 

11  Antenna  i’arameter 


Telemetry  Reports: 


OBC  Reports  20  clirough  23 


I 

I 

! 


I 


I 
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B . 3 . 11 . 2 TORS  Ancenna  Poinclng  Module  (APCM)  Processor  OperaCicu 

IsTien  program  control  is  passed  Co  APCM  by  the  S/C  Control  Processor  (SCP) , 
the  EA  register  will  be  saved  and  APCM  will  check  to  see  if  it  has  been 
instructed  to  initialize  itself.  If  it  has,  the  appropriate  variables  will 
be  sec  Co  their  initial  values.  Regardless  of  whether  APCM  is  instructed 
to  initialize  itself  or  not,  program  control  is  then  unconditionally  transferred 
to  PREFLTR  to  process  the  Autotrack  Receiver  (ATR)  outputs.  This  consists 
of  retrieval  of  the  .ATR  outputs  and  filtering  of  the  mode  switching  data, 
using  a simple  digital  lag  filter.  Additionally,  compensated  tracking  errors 
are  computed. 

The  next  thing  to  be  done  is  dependent  on  whether  it  is  the  start  of  an  antenna 
pointing  control  cycle  or  not.  If  not,  program  control  will  be  returned  to 
the  Spacecraft  Control  Processor  (SCP)  immediately,  and  no  further  execution 
of  Che  TDRS  Antenna  Pointing  Module  (APCM)  Processor  will  oceu-r.  If  it  is 
the  start  of  an  antenna  pointing  control  cycle,  Che  subroutines  GRSDATA  and 
APRQEST  will  be  called  sequentially.  The  measured  antenna  pointing  angles 
(Gimbal  Resolver  outputs)  will  be  converted  to  degrees  in  the  subroutine 
GRSDAT.A,  and  the  antenna  pointing  request  commands  (if  any)  will  be  acted 
upon  in  APRQEST,  respectively. 

The  processor  Chen  executes  mode  dependent  processes.  The  mode  dependent 
processing  is  dependent  on  both  the  current  and  past  pointing  modes.  The 
APCM  processor,  using  either  MODEIMT  or  MODESV.'I  subroutines,  causes  the 
current  antenna  pointing  mode  to  be  either  initialized,  exited,  or  continued, 
dependent  on  whether  the  current  and  past  pointing  modes  are  different 
or  Che  sane.  Processor  operation  will  then  be  transferred  to  either  PROTP^XK, 
AUTOTRK,  BUSERCH,  or  SLEW,  as  specified  by  the  ciirrent  pointing  mode.  These 
routines,  in  association  with  the  respective  subroutines  and  procs,  that  they 
call,  will  perform,  respectively,  the  program  track  processing,  autotrack 
processing,  backup  search  mode  processing,  and  slew  processing.  This  mode 
dependent  processing  v/ill  then  be  concluded  by  implementing  the  software 
gimbal  stops  when  necessary,  and  sending  the  antenna  drive  commands  for  the 
current  control  cycle  to  the  Gimbal  Drive  Electronics  (GDE) . These  procedures 
will  be  performed  by  the  subroutine  SENCMDS. 

The  TDRS  Antenna  Pointing  Module  (APCM)  Processor  control  function  then  calls 
the  subroutine  APCSFDC.  This  subroutine  performs  the  failure  detection  and 
correction  function. 

I'Lnaily,  the  APCM  control  function  checks  to  determine  whether  the  APCi  telemetry 
buffer  is  to  be  updated.  If  it  is  time  to  upd.nte  Che  buffer,  control  will  be 
transferred  to  TL'-sn-lT.  If  it  is  not  time  to  update  the  telemetry  buffer,  the 
Al'C.M  Processor  will  be  exited  and  control  will  be  returned  to  the  Spacecr.aft 
Control  i’rocessor  (SCP). 

Tb.e  following  present.s  a surrenary  description  of  the  processor  subroutines.  For 
more  detail,  .see  the  flow  charts  in  Section  B. 3.11. 6. 


B.3.L  1.2.1  Autotrack  .Receiver  Prefilter  (TREELTR)  Operation 

T'le  (unction  of  the  PREFLTR  subroutine  to  profiltcr  tlie  .ATR  outputs.  PREFLTR 
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begins  by  retrieving  the  selected  ATR  outputs  and  converting  them  from  counts 
to  volts.  The  results  will  then  be  filtered  using  a simple  digital'  lag  filter. 
PREFLTR  will  then  compute  the  compensated  cracking  error  signals  (the  difference 
between  the  ATR  tracking  errors  and  their  corresponding  calibrated  reference 
values) i and  filter  them  using  a quadratic  digital  lag  filter.  This  is  done 
in  the  subroutine  FLTR2 . This  subroutine  is  called  by  the  APCM  control  function 
every  execution  of  Che  APC-I  processor  (every  256  milliseconds). 

B. 3. 11. 2. 2 Gimbal  Resolver  Serial  Data  (CRSDATA)  Subroutine  Operation 

This  subroutine  is  called  by  APCM  to  convert  the  measured  pointing  angles  to 
degrees.  CRSDATA  begins  by  extracting  the  azimuth  and  elevation  data  fjrom 
Che  appropriate  bits  of  the  selected  resolver  data,  and  converting  them  by 
multiplying  by  the  appropriate  counts  to  degrees  conversion  factor.  The  subroutine 
then  converts. Che  data  from  TRW  coordinates  to  Landsat-D  coordinates  and  applies 
appropriate  gain  correction  factors. 


B. 3.11.2.3  Antenna  Pointing  Request  Commands  (APRQEST)  Subroutine  Operation 

This  subroutine  and  Che  subroutines  it  calls  (VERIFY  and  UPDATE)  have  the 
capability  to  update  the  antenna  pointing  control  flags  and  /or  the  control 
data.  APRQEST,  when  called  by  the  APCM  control  function,  will  first  test 
CO  see  if  there  are  any  real  time  antenna  pointing  request  commands  to  be 
acted  upon.  If  the  test  is  successful,  prograim  control  passes,  in  turn,  to 
VERIFY  to  validate  the  requests  and  to  UPDATE  to  set  the  appropriate 
control  flags  and/or  data  as  specified  by  the  request  commands.  If  one  or 
more  of  the  request  codes  are  invalid,  this  fact  will  be  reported  to  the 
ground  through  the  antenna  pointing  contribution  to  celen,etry  by  VERIFY 
and  none  of  the  requests  will  be  honored.  Regardless  whether  or  not  the 
requests  are  honored,  the  real-time  request  command  queue  and  queue  counter 
will  be  reinitialized. 

APRQEST  will  then  test,  in  turn,  the  scored  command  queue  counter  to  see  if 
there  are  any  stored  request  commands  to  be  acted  upon,  and  the  scored 
command  enable  flag  to  see  if  scored  command  processing  is  allowed.  If 
bo  til  cliecks  are  affirmative,  program  control  will  be  crnasf  erred  to  VERIFY 
and  UPDATE  to  process  the  stored  request  commands  in  a similar  fashion  to 
Chat  done  for  Che  real  time  commands. 


15.3. 11. 2. 4 Request  Command  Verification  (VERIFY)  Subroutine  Operation 

This  subroutine  is  called  by  .APRQEST  to  validate  Lhe  antenna  pointing 
request  com.mands  and  their  associated  operands.  If  an  invalid  command 
is  encountered,  the  appropriate  sc.icus  bit  will  be  sec  and  Che  updating 
of  Che  control  flags/daca  w'ili  he  Inhibited. 

B.3.1I.2.5  Antenna  Pointing  Control  Elag/Data  L'nd.ate  (LTD.\TE)  Subroutine 
Operation 
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This  subroutine  is  called  by  APRQEST  to  update  the  antenna  rointing  control 
Information.  UPDATE  subroutine  simple  secs  the  pointing  control  flags  and/or 
data  as  specified  by  the  concents  of  QUEADD,  unless  the  queue  pointer  is 
zero.  If  the  queue  pointer  is  zero,  control  to  returned  to  APRQEST. 


B. 3. 11. 2. 6 Mode  Initialization  (MODEINT)  Subroutine  Operation 

This  subroutine  is  called  by  the  APCM  control  function  when  the  current  and 
past  pointing  modes  are  different.  ThefuneCion  to  be  performed  by  the  MODEINT 
subroutine  is  controlled  by  Che  current  pointing  mode.  If  Che  current  pointing 
mode  is  set  to  either  backup  search  or  slew,  then  the  variables  unique  to 
either  of  these  respective  modes  will  be  initialized.  No  initialization  is 
required  for  either  the  program  Crack  or  autotrack  modes  except  for  the 
initial  initialization. 


3.3.11.2.7  Mode  Switching  (MODESWI)  Subroutine  Operation 

This  subroutine  is  celled  by  APCM  control  function  when  the  current  and 
past  pointing  modes  are  the  same.  Its  function  is  to  check  if  it  is  time 
to  exit  the  current  pointing  mode.  MODESWI  first  computes  Che  size  of  the 
mode  switching  error  signals.  The  next  thing  to  be  done  is  dependent  on 
the  current  pointing  mode,  APMODE. 

If  AP.'IODE  is  sec  to  program  crack  and  automatic  mode  switching  is  enabled, 
a clieck  will  be  made  to  see  if  the  program  track  to  autotrack  mode  switching 
criteria  have  been  met.  .APMODE  will  be  set  to  auto  track  if  it  has. 

If  Al’MODE  is  sot  to  backup  search,  a check  will  be  made  to  see  if  the  backup 
search  to  autotrack  mode  switcliing  criteria  has  been  met,  and,  if  it  has, 
APMODE  will  be  set  to  autotrack  and  automatic  mode  switching  will  be 
inhibited.  Ii  not,  MODESWI  will  then  check  to  .see  if  the  maximum  scan  range 
has  been  exceeded.  APMODE  will  be  set  to  progr.am  track  if  this  is  the  case. 

If  AP.MODE  is  sec  to  autotrack,  MODESWI  will  check  to  see  if  Che  autotrack 
to  program  track  switching  criteria  has  bee.a  met.  APMODE  will  be  set  to 
progr.'im  track  when  and  if  Che  mode  .switching  criteria  are  met. 

!i.3.1i.2.S  Program  Track  (PROTRiAK)  Subroutine  Operation 

The  Progr.ara  Tr.ick  (!’ROTR.‘d\)  subroutine  is  called  by  the  APCM  control 
function  when  die  current  mode  is  sec  to  Program  Track.  PROTPd.K  operation 
is  controlled  by  tlie  variable  EXTRN.  WTien  EXTRN  is  zero,  the  N'orni.al 
Progr.am  Tr.ack  processing  will  be  performed:  chat  is,  cr.icking  errors  will 
be  computed  using  Li\XDSAT-D  and  TORS  ephemerides.  Wlien  EXTR.N  is  not 
zero,  t!ie  Cracki.ng  errors  will  be  computed  by  subtracting  the  measured 
pointiiig  angles  from  die  desired  pointing  angles.  In  eidier  case,  the 
an.' enna  will,  lie  liriven  .it  the  appropriate  rate  to  null  the  cracking  errors. 
•\d.o  i t ior.n  1 Ly  , if  tVio  calibr.ate  en.ab.le  switch,  CAiEMA,  is  other  t'aan  ,:ero, 
the  calibrated  bias  values  will  be  updated. 


37 


B 


SVS-10266 
Appendix  B 
31  December  1981 


B. 3. 11. 2. 9 Antenna  Turnaround  Maneuver  (TAROUMD)  Subroutine  Operation 

This  subroutine  is  called  by  the  PROTRAK  subroutine  when  an  antenna  turnaround 
has  been  commanded.  ' T AROUND  first  transfers  control  to  ZENITH  subroutine  to 
compute  the  zenith  angle  in  the  orbital  frame.  TASOUND  then  checks  to  see 
if  it  Is  time  to  start  the  turnaround  maneuver.  If  it  is  time  to  start  the 
turnaround  maneuver,  the  tracking  errors  will  be  computed  by  subtracting 
the  measured  pointing  angles  from  the  externally  commanded  pointing  angles 
and  PROTRAK  will  be  signaled  chat  an  antenna  turnaround  is  in  progress  by 
the  setting  of  EXTRN  to  a value  of  1.  If  it  is  not  time,  the'  tracking  errors 
for  the  continous  track  mode  will  be  computed  (This  will  be  done  in  the 
subroutine  TRAKERR) . 


B. 3. 11. 2. 10  Tracking  Error  Computation  (TRAKERR)  Subroutine  Operation 

This  subroutine  is  called  by  PROTRAK  when  an  antenna  turnaround  has  not  been 
commanded  and  by  TAROUND  when  an  antenna  turnaround  has  been  commanded. 

TRAKERR  performs  three  functions: 

(1)  computes  the  errors  for  the  continuous  program  crack  mode 

(2)  corrects  the  azimuth  cracking  error  for  the  geometric  gain  associated 
with  gimbal  lock;  and 

(3)  sets  up  the  limits  on  the  computed  elevation  drive  rate. 

B. 3. 11. 2. 11  Backup  Search  (BUSERCH)  Subroutine  Operation 

This  subroutine  is  entered  when  the  current  pointing  mode  is  set  to  backup 
search.  The  desired  pointing  angles  are  first  computed.  The  subroutine 
then  proceeds  to  compute  the  pointing  errors  in  a four  step  process.  First, 
the  desired  pointing  angles  will  be  computed.  Then,  the  scan  increment  angles 
will  be  added  to  tlie  desired  pointing  angles.  Third,  the  tracking  errors 
will  be  computed  by  subtracting  the  measured  pointing  angles  from  the  angles 
computed  in  Step  two.  The  azimuth  tracking  error  will  then  be  compensated. 

The  subroutine  then  chocks  to  see  if  the  current  scan  axis  limit  has  been 
reached.  If  so,  the  scan  range  and  scan  direction  for  the  other  gimbal  axis 
will  be  updated. 
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is  sec  to  autotrack.  AUTOTRK  converts  the  cracking  errors  from  volts  to 
radians,  compensates  the  azimuth  tracking  error  for  the  gain  associated  with 
gimbal  lock,  and  sets  the  limit  on  the  elevation  drive  rate. 


B.  3. 11. 2. 14  Antenna  Step  Commands  Computation  (MEWSTEP)  Subroutine  Operation 

This  subroutine  is  called  by  either  PROTRAK,  T/\ROUND,  .AUTOTRK,  or  BUSERCH 
subroutines.  Its  function  is  to  compute  the  antenna  step  commands  for  the 
closed  loop  control  modes,  using  the  cracking  errors.  This  subroutine  Chen 
limits  these  commandsco  the  ma.ximum  steps  per  control  cycle.  • This  is  dependent 
on  the  current  pointing  mode. 


B. 3. 11. 2. 15  Send  Step  Commands  to  the  GDE  (SEh’CMDS)  Subroutine  Operation 

Ttiis  subroutine  is  called  upon  completion  of  the  mode  dependent  processing. 
Its  function  is  to  appropriately  format  Che  commands  and  call  Che  executive 
CO  queue  the  commands.  Before  doing  this,  however,  this  subroutine  checks 
for  step  command  size  change,  and  limits  this.  .Also,  software  gimbal 
stops  are  implemented. 


B. 3. 11. 2. 16  Antenna  Pointing  Telemetry  Formatter  (TLMFMT'  .subroutine 
Operation 


This  subroutine  iormats  die  APCM  parameters  that  appear  in  the  telemetry 
reports.  See  Section  .3.3.11.5  for  more  detail. 


B . 3 . 11.3  TORS  .Antenna  Po  i;it  ing  Modu  le  (APOl)  Sof  tware  Constraints 
TBD 

ij.J.ll.i  TDRS  .Auceiina  Pointinc  Module  (.APCM)  Svseom  T.ibles 


. * •.  f r> ' ‘ vM 

,-:'5 

'OS  .^OOR  Q '— •' 


SVS-10266 
Appendix  B 
31  December  1981 


Entry 

Name 

TLM  Type 

Using 

Subrout ine 

Description 

System 

Table  '/26  - 

ANTIQUE  (Antenna  Pointing 

Real  Time  Commands) 

0000 

1 

I%CO0NT 

V 

APRQEST 

Clumber  of  cociaands  to  be  acted 
upon 

0001- 
I 0009 

1 

i 

i 

I%QU£UE 

V 

APRQEST 

Antenna  pointing  commands ^ Up 
to  8 commands  can  be  uplinl;ed. 
Possible  commands  are  listed 
here. 

I Basic  Format  of  Antenna  Commands 

1 

1 


Fixed  Code  Request  Code*  Operand** 


0111 

1 1 1 1 1 Xl'LXXX 

xxxx 

1 

1 

i 

X ;<  X 

X X X X X X X X : 

X > 

C X X X X 

Additional  operands 

*Request  codes  are  rij^ht  justified  from  1 (OOOOOl)  to  12  (01100) 


**0perands  for  any  command  may  not  be  required  (see  comiaands 
■'2  & 3),  or  aay  require  additional  operands  (see  command  ->‘9) 


I 


i.s:;-opc- 


i 


POOR  QiJALir/ 
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Req.  Code 

ope  rand 

Description 

1(00001) 

0000  Inhibit 

0001  Program  crack 

0010  Backup  search 

0011  Slew 

Change  antenna  pointing 
mode  or  inhibit 

2(00010) 

noc  used 

Enable  advance  turnaround 
maneuver 

3(00011) 

not  used 

Reset  antenna  pointing 
status  info 

'♦(00100) 

0000  Enable 

0001  Inhibit 

Control  stored  request 
command  processing 

5(00101) 

0000  Enable 

0001  Inhibit 

Control  automatic  mode 
switching 

6(00110) 

1 

I 

] 

0000  Enable 

0001  Inhibit 

Control  autotrack 
receiver  reference 
calibration 

7(00111) 

0000  East 

0001  West 

Control  TDSS  to  be  used 

a(oiooo) 

0000  Cosputa 

0001  Use  uplink 

Program  track  pointing 
angle  source 

9(01001) 

j 

i 

1 

i 

i 

not  used 

Additional  operands: 
(1)  New  slew  time; 

Update  slew  timer 
N'umber  of  counts,  where 
each  count  equals  0.512 
seconds 

. iC(OiOlC) 

i 

not  used 

Additional  operands; 
Azimuth  slew  race 

(2)  Elevation  slew  rate 

Update  sic..'  rates 

.-Vti-muth  slew  rate  and 

elevation  slev.  rate 

are  both  in  2's  complement 

. :uoioii) 

J 

not  used 

Additional  operands 
( 1 ) Az  iau  t h po  i nt  i ng 

Update  e:<;err.al  pointing 
commands 

Bits  1-9 : : r ac  t ional 

SVS-10266 
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Req.  Code 

Operand 

^ ^ 1 

Description 

angle 

position 

P 1 pif  ^ rt 

.fc  »»  W .k  14^ 

angle 

position 

12(01100) 

0000  Disallow 

0001  Allow 

Large  slew  allow/disallow  j 

1 

I 

Additional  Remarks 

1 

■ 1 
i 

1.  Pointing 

request  commands  achieved  by 

1 

system  table  uplink  consisting; 

of  entry  #0000  and  command  sequence  entry  #0000  indicates  number  of! 
command  words.  For  example,  command  #11,  Update  ext.  ptng  commands! 
consists  of  3 commands.  j 

t 

2.  Table  #27  changes  are  single  buffered;  hence  any  changes  in  Table  #27| 
should  be  preceeded  by  an  inhibit  of  APM  until  table  is  verified,  t 
This  is  accomplished  by  Table  #26  utilization  with  Req.  Code  #1.  j 


I 

1 

1 


lsd-w?c-2g: 


B.3-1A2 


Qp  POOR 


SVS-10266 
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Encrjr 

Nane 

TUM 

Ty?i 

Dalog 

Subroutine 

Oescriptioa 

1 

Srscea 

Table  #27  - 

(Ar.; 

anca  Pointin'? 

• i 

ParanetersJ  j 

0000 

I-VITSW 

C 

A?CH 

j 

Ground  Initialization 

bits  I 

0001 

IE3ATK 

« 

? 

API  NT 

.ATX  aeiection  Index  ; 

0002 

nESLV 

* 

f . 

APINT 

" I 

Clzibal  resolver  da:a  . 

source  ; 

0003 

FOCCOEE 

V 

APCS 

DE7E cries 

Elevation  GTE,  FDC,  and 

.Aniniith  OOE-rDC  ; 

0004 

FDCGDEA 

r 

APCS 

DETECT I OS 

Enabled  flag  ■ ' 

CC05 

T.'JCMD 

it 

V 

TRAFCEEP. 

Azinuch  bias  coacand 

0006 

TE3C1D 

* . 

y 

TS-AXZPP 

Elevation  bias  coacand 

■ .’0007 

KUC-lirL 

T 

Apcsnc 

'd  7T.A  thannei  select 

0003 

LJJIAI 

it 

MODESVr 

Prograa  track  to 

. 0009 

LA121 

it 

C 

MOEEi-I 

aurotrack  'switching 

0010 

LA-3S1 

•k 

C 

l‘.0DESVI 

thresho lbs 

0011 

LA.'1A2 

k 

c 

MODEr-I 

Autocrac/.  to  progran 

0012 

k 

c 

liODEr-'I 

trac.k  switching 

0.013 

LAMS  2 

k 

c 

,'!0CE£VI 

thres  ho  ids 

0014 

LAMS  3 

k 

c 

MODESL’I 

Backup  switch  to 
autotrack  switching 
threshold 

0015 

1 

ELri 

c 

actotpj:  , 
T3.a;-3?J1 

Elevation  high  race 
lini:  antenna  advance 
angle 

0017 
s 

AliTADV 

k 

c 

PP.OTPwU: 

Turnaround  iniclacioa 
criterion 

lso-v?c-23: 


B.  3-14  .3 


OF  POOR 


QUALiTV 


4 

< 
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Using 


Entry 

Name 

TLM 

Type 

Svibroutine 

Desc  ription 

0013 

ELBIAS 

* 

C 

TAROUND 

Turnaround  completion 

0019 

ALPHA 

C 

f>rt  ^ 'T>*^  « 

r £\0  1 

criterion 

0021 

* 

C 

DIRNANB 

Euler  parameters  to 

0023 

EPAE(I) 

* 

C 

correct  for  antenna 

0025 

1 = 1,4 

■k 

C 

alignment  errors 

0027 

it 

C 

0028 

MAXOIT 

C 

iVPCSFDC 

7DC  parameters  (limits) 

0029 

TEUHN 

C 

APCSFDC 

0030 

TELMAX 

C 

APCSFDC 

0031 

T,\2.'aNl 

C 

APCSFDC 

0032 

TAZMAXl 

C 

APCSFDC 

0033 

TAX:ilN2 

C 

APCSFDC 

0034 

TAZMAX2 

C 

APCSFDC 

0035 

EFPASS 

C 

APCSFDC 

0036 

A? PASS 

C 

APCSFDC 

B. 3-144 


LSD-yPC 


B. 3. 11.5 
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TDRS  Antenna  Pointing  Module  (APCM)  Te lemetry 


) 


n.  3-  1 ‘V. 


SVS-10265 
Appendix  B 
31  December  1931 


Entry 

Number 

Name 

Generating 

Subroutine 

DescrlpCion/Comment 

OBC 

Report  i)20 

0000 

EANA 

PREFLTR 

ATR  azimuth  error  signal 

0001 

E2iNE 

PREFLTR 

ATR  elevation  error  signal 

0002 

ESTS 

PREFILTER 

ATR  signal  strength  in  volts  . 

0003 

EABSC 

PROTP^XK 

Calibrated  air  azimuth  signal  bias 

0004 

EEBSC 

PROTRAK 

Calibrated  ATR  elevation  signal  bias 

0005 

ESSBC 

PROTRAK 

Calibrated  ATR  signal  strength  bias 

0006 

TilANA 

GRSDATA 

TDRS  antenna  azimuth  angle 

0008 

THANE 

GRSDATA 

TDRS  elevation  angle 

0010 

TiUZ 

BUS ERG  1 

Desired  TDRS  antenna  azimuth 

0012 

TiiEL 

BUSERCil 

Desired  TDRS  antenna  elevation 

0014 

E2P,u-!A 

PROTRjXK, 

TRAKERR, 

BUSERCH, 

AUTOTRK 

TDRS  antenna  azimuth  cracking 

TDRS  antenna  azimuth  tracking  error 

, 

0016 

E2PANE 

BUSERCH, 

AUTRK 

TORS  antenna  elevation  tracking 
error  , 

0018 

DASCAN’ 

MODE  I NT, 
BUSERCH 

TORS  antenna  azimuth  scan  range 
de  1 1 a 

0019 

oebca:.' 

MO  DEI NT, 
BUSERCH 

TDRS  antenna  elevation  scan  range 
dele  a 

0020 

t 

i 

ZENANG 

PROTA,\K  , 
TAROUND - 

. 

Zenith  anj/,lo 

002  2 

! 

:;csle;; 

MOOEINT.SLE'.; 

t 

TDRS  antenna  slew  ui.'ner  ; 

1 

1 
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entry 

Number 

Name 

Generating 

Subroutine 

Descript  lon/Cotnment 

OBC  TLM 

Report  /?21 

0000 

NASTEP 

APCM 

PROTRAK, 

SLEW, 

SENC'-SDS 

TORS  antenna  azimuth  glabal  drive 
step  cod 

0001 

NESTEP 

APCM, 

PROTRAK, 

SLEW 

TDRS  antenna  elevation  gimbal  drive 
step  cmd 

I 

0002 

I 

IS 

MODEINT, 

BUSERCH 

Scan  axis  indicator:  = 0,  azlinut'n 

scan  “ 1,  elevation  scan 

! 

0003 

1 

UD 

MQDEIMT, 

BUSERCH 

Azimuth  scan  direction  fla,^ 

■ 

1 

0004 

! 

1 

lED 

MODEINT, 

BUSERCH 

Elevation  scan  direction  flag 

0005 

ACPMODE 

API NT, 
UPDATE, 
MODESWI , 
SLEW, 

APCS 

DETECTION 

TORS  antenna  pointing  mode  flag 

0006 

1 

: 

EXTRN 

UPDATE , 
PROTRAK  . 
TAROUN'D 

Index  for  selecting  the  gltnbal 
angles 

I 0i)07 

■ 

■ 

AD V IRS 

Upda  te , 
PROTR^XK 

Advance  antenna  turnaround  flag 

' 

; 0008 
1 

l.sTDRS 

UPDATE . 

Index  for  selecting  TDRS  East  or 
West;  = 0,  TDRS  East  = 1,  , 

I DRS  Wes  t 

0009 

CAEE.'.'A 

UPDATE 

.\TR  reference  calibration  flag: 
0,  Enabled  =>  1,  Inhibited 

LSI)- 


P 


147 
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Encry 

■^iumber 

Name 

Generating 
Subrouc ine 

Descripcion/Comment 

0010 

AUTOSU 

UPDATE, 
NODE I NT, 
MODESWI 

Automatic  mode  switching  flag:  = 0, 

Enabled  = 1,  Inhibited 

0011 

lERATR 

APINT 

Index  for  ATR  receiver  select 

0012 

mESLV 

APINT 

Index  for  selecting  the  resolver 
outputs;  = 0,  Use  primary  “ 1,  Use 
redundant 

0014 

NRACMD 

UPDATE 

Azimuth  slew  rate  cmd 

0015 

NRECMD 

UPDATE 

Elevation  slew  rate  cmd 

0016 

NSTCMD 

UPDATE 

Slew  timer 

0013 

HE  ANA 

MODESWI, 

PROTRAK 

Filtered  azimuth  error  signal 

0019 

FE,VNE 

MODESWI , 
PROTfGlK 

Filtered  elevation  error  signa* 

0020 

FESTS 

PREFLTR 

Filtered  strength  error  signal 
signal 

0021 

URGE 

UPDATE 

Large  slew  indicator 

0022 

GANA 

Gain  compensation  constant 

1 

0023 

CAME 

Gain  corapensaLlon  constant  1 

1 

0024 

AN  TAD 

PROTR/\K 

Antenna  advance  angle  • 

1 

i 

1 

1 

1 

1 

I 

1 

LSD-VPC-263 
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Entry 

liumber 

Name 

Generating 

Subroutine 

Descr Iption/Gomnent 

OBC  TLM 

Report  1122 

0000 

EPAEl 

TC-iFirr 

Euler  paras  to  correct  for 
antenna  alignment  errors 

0002 

EPAE2 

TLMFMT 

Same 

0004 

//EPAE2 

TLMFMT 

Same 

0006 

EPAE4 

TUMFMT 

Same 

i 0003 
( 

\ 

i 

TilACMD 

UPDATE 

Ext.  commanded  azimuth  glrabal 
angle 

j COLO 

I 

THCCMD 

UPDATE 

Ext.  commanded  elevation  glnbal 
angle 

1 

j 0012 

1 

1 

1 

D.IMA 

API NT, 

PROTRAK 

NEWSTEP 

l.lraitod  azimuth  error  signal 
Integral  i 

t 

i i 

1 1 

1 

1 0014 

1 

i 

i 

BANE 

API  NT. 
PROTRAK, 
NEK STEP 

Limited  elevation  error  signal 
Integra  1 

0016 

1 

i 

j 

VANA 

API NT, 
PROTR.AK , 
NEOSTEP 

Limited  azimuth  error  signal  double 
Integral 

. 

■ 

j 0013 

i 

ya:;e 

API NT, 

prot:’,.\k  , 

N'EWSTEP 

Limitctl  elevation  error  signal 
double  integral 

■ 

J 

i 002^ 
1 
! 

1 

t 

Ul'll'.t  k\ 

BUSERDl 

Backup  search  conversion  criteria 

' 

I 

. 

LSO-'vPC-ii:,  J 


B 


I AP 
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Entry 

Number 

Name 

Generating 

Subroutine 

Descript lon/Conment 

OBC  TL:i 

Report  (723 

0000 

ELBIAS 

TAROUND 

Turnaround  initiation  criterion 

0001 

UMAl 

MODESWI 

Program  track  to  autotrakck  MODE 
SWITCHING  THRESHOLDS 

0002 

LAME  1 

MODESWI 

Same 

0003 

L\MS  1 

MODESWI 

Sane 

OOOA 

UM\2 

MODESWI 

.Autotrack  to  program  track 
■ SWITCHING  THRESliOLDS 

0005 

LA  ME  2 

MODES'.!  I 

Sane 

0006 

LAMS  2 

.'•lODESWI 

Sane 

0007 

L\MS3 

iMODESWI 

Backup  search  to  aucotrack  mode 
switching  thresiiold 

0008 

DM\X 

MODESWI , 
BUSERCil 

1 

Backup  search  scan  RADIUS  j 

0009 

DELTA 

: LODE  I NT, 
BUSERCil 

Backup  search  scan  range 
increment 

0010 

TA  BCMD 

TR.AKERK 

xVzimuth  RESOL'.'ER  BIAS  CMD 

00L2 

TEBCMD 

TR.AKERR 

Elevation  RESOLVER  BIAS  CMD 

1 

00  LA 

STALI.M 

MODEIMT, 

TAROUND, 

TRAKxKR, 

AUTOTRK 

Max.  steps  in  a control  CYCLE  j 

1 

i 

1 

0015 

STELIM 

N'ODELNT, 

TAROU.N'D, 

Max  stuns  in  a control  cycle 

. . 1 

TKAK'-KR, 

AUTOTRK 


L3D-;;PC-263 


B 


150 
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Entry 

Generating 

.Number 

Name 

Subroutine 

Descrip tion/Conment 

0016 

SCPENA 

UPDATE 

Scored  command  processing  enable 
flag:  “ 0,  Enabled  “1, 

Disabled 

0017 

GPA 

Azimuth  rate  computation  constants 

0018 

GIA 

Azimuth  race  computation  constants 

0C19 

GDA 

Azimuth  rate  computation  constants 

0020 

CPE 

Elevation  race  computation  constants. 

0021 

GIE 

Elevation  rate  computation  constants. 

0022 

GDE 

Elevation  race  computation  constants 

I 


i 


0.3- 151 
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B.3.11.6  TDRS  Antenna  Pointing  Module  (APCM)  Flow  Charts 


) 


Figure  APC!  Flow  Charr 


B. 3- ! 53 


LS3-';PC-:;63 


Figure  3.3.11-2.  APi.'.T  Flow  Char:; 


,SD-F^ 


B 


C-2&J 


CWIQINAL  PAGE  PS 
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Figuve  3.3.11-3.  PREFLTR  Flow  Chart 


B 


155 


LSD-WPC-253 


Of  POOR  QUMUTY 
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Figure  B. 3. 11-4.  GRSDATA  Flowchart 


B 


156 


LSD-WPC-263 


1-lgiire  U.J.U-S.  .\r!vi,'t;ST  Klow  Chart 


B.  3 - I!57 


QUEAOO  — BUFFER  OF  CMOS 
QCNTR  - * OF  CMOS 


VALIDATE  ANT.  POINTING  CMOS 
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VERIFY  OPERAND 


Figure  B. 3. 11-6.  VERIFY  Flow  Chart 


LSD-WPC-.?63 


B. 3-158 


SVS-1C2( 

Appendix 


F igure 


B. 3. 11-7.. 


MODESHI  Flow  Chart 


LSD-Wpc-263 


OR'GINAL  F-r,-.  fe- 


MODEINT 
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AZ  COMPUTED 

DRIVE  RATE  LIMIT  PROGRAM 

I 1 TRACK 

ASTPLIM  - 80  


APPMODE  » ACPMODE 


BACKUP 

SEARCIi/ 


ACPMODE 
V -7  ^ 


AUTOTRACK 


ASTPLIM  » 80 


INITIALIZE  THE  SCAN  RAMP 
FOR  BOTH  AXES  4 


DESC-^  - DELTA 
DASCAN  - 0 


INITIALIZE  THE  SCAN 
DIRECTION  INDICATORS 


SET  UP  LIMITS 
ON  THE 
COMPUTED 
DRIVE  RATES 


ISX  “ 1 
IEO-1 
lAD  = 1 


ASTPLIM  ” 4 
ESTPLIM  = 4 


INITIALIZE  THE 
SLEW  TIMER 
& RATES 


NCSLEW  ■»  NSTCMD 
NSRATE  » NRACMD 
NSRATE-NRECMD 


TELEMETRY  POINT 

.o«.oo.  SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  & 

SYSTEM  TABLE  ENTRY 


RETURN 


Figure  B. 3. 11-8.  MODEINT  Flew  Chart 


B. 3-160 


LSD-iv’PC-263 


ORIGINAL.  FAGu 
pi  POOR  QUALiTY 
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CHECK  Fon  TIME  TO  UPDATE  THE 
CALIBRATION  REFERENCE  SIGNALS 


LOS  VECTOR  = VECTOR  ALONG  THE  LISE  OF  SIGHT 
FROM  LSOTOTORS 


EA^  • EANA 

ESSBC  ■ E£TS^ 

THE  CALIBRATED  BIASES 
ARE  UPDATED  BY  SETTING 
THE  BIAS  * 70  THE  CUR. 
RENT  OUTPUT  OF  THE 
SIMPLE  0IG4TAL  LOG 
FILTER. 


EXTRN  • FLAG  TO  USE  CALCULATED  TARGET 
OR  THE  UPLINKED  TARGET  TABLE. 


0 (USE  CALCULATED  TARGET1 


USE  EXT 
CMOcd  POINTING 
ANGLES 


i CALLOIRNANB  I 


IsRROR  - TARGET-MEASURED  POS 


12P^N^-  THACMO  - THANA 
E2PANE  • THECMO  - THANE* 


ANT  TURN 
AROUND  CMD^ 
f 1«TURK^ 


AOVTRN 


> CALCULATE  THE 
DIRECTION  COSINES 
OF  THE  L03  VECTOR 
IN  THE  ANT  BASE 
FRAME 

ACCESS*TO  REF  Q 
(BODY  AXIS  WR  TO  ECO 
AND  THE  CONSTANT 
TRANSFORMATION  OF 
BODY  TO  ANT  BASE.  . 


COMPUTE  DRIVE  RATES 
FOR  CURRENT  CYCLE 


0- NO  TURN 


CALL  NEWrrEP 


START  CALL 
TURN  TAROUND 


call  COMPUTE  NORMAL  PROG 

TCACKERR  TRACK  ERROR  SIGNAL 


CHECK  FOR  TIME  TO  ' 
REVERT  TO  NORMAL 
PROGRAM  TRACKING 


lEPSANAl^ 

YES 

>AUPHA  V 

'^AZ  ERROR 

TOO  LARGE 

1EP2ANE1 

YES 

>ALPHA  ^ 

EL  ERROR 

7 

TOO  LARGE 

X NO 

1 

1 

CALL 

NEWSTEP 

i . 

COMPUTE  STEP  CMOS 


■|ABS  (N^tfl 
\ >2  / 


AZ  RATE 
TOO  LARGE 


lABS  (NESTEPI 


EL  RATE 
TOO  LARGE 


CHECK  FOR 

TURNAROUNO- 

CMO 


APVTRN 

• I 

X.  7^ 


ANTADV 


TELE.METRY  POINT 

• ••••••  SYSTEM  TABLE  ENTRY 


revert  TO 
NORMAL  PROG 
TRACKING 


BA^-0.  8Af^*0 
yAf^  - 0.  YANE^*  0 
OASTEP-0.  OESTEP-0 
NASTEP  - 0,  NESTEP  • 0 
APVTRN - 0 
exTRN • 0 


telemetry  point  & 

SYSTEM  TABLE  ENTRY 


Figure  3.3.11“> 


PROTRi*vK  Flow  Chart 


D -r 


,SD-lv'PC-2  63 


( UI*OATE  mug  ADO.  QCWTm 


SST  ANT  POINTINO  FLAOS  AS  SfECIFlEO 
BY  C0ASMAN03 


TNS  AFFnOMIATS  ANT  CQMTROt 
FLAGS  AND/CR  DATA  VFILL  OS 
UPOATEO  AS  SFeOFieO  BY  THB 
CONTENTS  OF  aUSAOD. 


Figure  B. 3.11-10.  UPDITE  (QUE.ADD,  OPNTR)  Flow  Chare 


TELE.UETRY  POINT 
SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  t 
SYSTEM  table  ENTRY 


LSD-WPC-263 


CR!G*MAL  PAG::  i.i 
OF  POOR  QUALITY 
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Figure  3.3. 11-11.  TAROUMD  Flow  Chart 


B • 1 o3 


LSD-wPC-263 


ANTENNA 

COORDINATES 


ORIGINAL  vA 

OF  POOR  OUAI.I'  / 


TRAKERR 
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AMcf  ° ADD  BIASES  TO  THE  MEASURED  ANGLES 
THANEB  = THANE + TEBCMD 


TX,  Y,  Z - COMPONENTS  OF 
LOS  VECTOR  IN 
ANJ  COORDINATES 
PPX,Y,2  - COMPONENTS  OF 
LOS  VECTOR 
ROTATED  BY  AZ 
MEASURED 


OP  = THE  LOS  VECTOR 

ROTATED  TO  THE  ZENITH 
POSITION  BY  THE  MEaS- 
;URfcMENT  ANGLES  OF  AZ 
|AND  EL  THEREFORE  THE 
OFFSET  OF  OP  FROM  THE 
ZENITH  WILL  BE  THE 
POINTING  ERRORS. 


CAZ  - COS(THANAB) 

CEL-COS(THANEB)  COMPUTE  SIN  & COS  OF 
SAZ  ” SIN(THANAB)  ACTUAL  POINTING  ANGLES 
SEL  “SIN(THANEB) 


ROTATE  T ABOUT  Z BY  AZ 
iMEASURED  TOWARD  X . _ 


r ppxi 

r CAZ 

SAZ 

o' 

TX 

PPY  = -SAZ 

CAZ 

0 

TY 

LppzJ 

L 0 

0 

1 

TZ 

PP 

VECTOR 

\eL“0 


OP  " ROTATE  PP  ABOUT  Y BY 
r EL  TOWARD  ZENITH 


r QPx' 

:f  CEL 

0 

-selI 

r ppxii 

QPY 

0 

1 

0 

PPY 

Lopz 

: [sEL 

0 

celJl  ppz  J 



LOS  VECTOR  {T> 
✓Measured 

^ l-ERROR 




COMPUTE  ERRORS  FROM  COMPONENTS  OF  QP  ^ 
IF  NO  ERRORS  CPVi/ILL  LIE  ALONG  Z AXIS  I.E.," 
AT  THE  ZENITH. 


EZPi^A  - ATAN2  (QPY,  A8S  (QPZM 

APPLY  THE  AZIMUTH  SIGNAL  GAIN  CORRECTION 


CALL  AZGAIN  (EZ^AJ^A) 

jcOMPUTE  ELEVATION  ERROR 
E2f A^E  = ATAN2  (QPX,  ABS  (QPZ)) 

LIMIT  THE  ELEVATION  DRIVE  RATE 

-i 

CALL  LITELV  IE2PANE,  ESTPLIM)  


RETURN 


TELEMETRY  POINT 

.......  SYSTEM  TABLE  ENTRY 

TELEf/ETRY  POINT  C 

SYSTEM  TABLE  ENTRY 


Figure  3.3.11-12.  TRAKERR  Flow  Charr: 
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LIMIT  THE  ELEVATION  DRIVE  RATE 

CALL  LMTELV  lMTELV(E2PANE,ESTPLIM) 


CALLNEWSVEP 


1 COMPUTE  THE  NEW  DRIVE  CMOS 


06  POOR  QiJAOiTV 


NEWSTcP 


AZERR 

EI.ERR 


V CMO  FROM  LAST  CYCLE 

■ E2PA.NA  - GANA'OASTEP  I SUBTRACT  OFF  LaST  CYCLE  CMD 

' I ERROR 


B;^A  " ^ANA  + AZERR’TCYCLE 
BANE  - BANE  + ELERR'TCYCLE 


LlMDPIB/y'lA.BLlMA) 

LlMDPIB/^E.dLIME) 


LIMIT  SANA  TO  i:  BLIMA 
LIMIT  BANE  TO  t BLIME 


Y^NA  - Y>yiJA  +£A^A‘TCYCLE 
YANE  - YANE  + BANC'TCYCLE 


— TELEMETRY  POINT 
• ••  SYSTEM  TABLE  ENTRY 

— TELEMETRY  POINT  £ 
EYSTE-M  TABLE  ENTRY 


LIMDPIYANA.YLIMAI  LIMIT  YANA  TO  ± YLIMA 
\ IMOPIYANE  YLIME;  LiMIT  YANE  TO  t YLIME 

^——1-  II  -^lOna.  I 

^ COMPUTE  THE  NEW  DRIVE  CMOS  ' 

NASTE^  " (GPA'AZcRR  + GIA'BA^A  + GDA”YAJJAI*RATlO 
NEST EP  - (GPE'ELERR  + GIE'BANE  + GDE'Y  ANEI'RATIO 


LIMSPINASTEP.STALIM)  „ 

LIMSPINEST-EP-.STElTFvII  COMPUTED  STEP  CMOS 


c i;^ure  D . ^ . i 1- « 3 


AUTOTRK,  XRWSTE?  Flow  Charr 
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Figure  15.3.11-16.  SE5.'CMDS  Flew  Chart 
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B.3.12  ATTITUDE  CONTROL  (ACS) 

B. 3. 12.1  Attitude  Control  (ACS)  Processor  Description 


The  function  of  the  ACS  processor  is  to  maintain  three  axis  stabilized  earth 
pointing  of  the  Landsat-D  Flight  Segment.  To  accomplish  this  spacecraft  control 
errors  are  determined  and  used  to  calculate  wheel  drive  and  thruster  commands. 
The  commands  are  calculated  such  that  the  produceif  torques  will  drive  the  errors 
to  zero.  The  control  error  is  derived  from  the  sum  of  position  error  plus  rate 
error.  The  rate  error  is  derived  directly  from  filtered  gyro  da^.iaput  from  the 
Gyro  Data  Processor  (GYROD).  The  position  error  is  determined  from  the  equation 
QE“INV(QREF)QT-  The  target  quaternion  QT  is  defined  as  the  rotation  from  the  ECI 
coordinate  system  to  the  desired  spacecraft  attitude.  The  reference  quaternion 
Q(Ref)  is  defined  as  the  rotation  from  the  ECI  system  to  the  spacecraft  system 
as  estimated  by  Integrating  gyro  rate  data  over  time  segments.  Then  INV'(QREF)QT 
is  the  rotation' from  the  estimated  attitude  to  ECI  then  from  ECI  to  the  desired 
attitude,  or  from  the  estimated  attitude  to  the  desired  attitude.  The 
spacecraft  position  errors  are  then  calculated  directly  from  QE. 

Earth  pointing  requires  the  Landsat-D  spacecraft  +Z  axis  oriented  towards  the 
earth  center  and  the  +X  axis  in  the  direction  of  the  spacecraft  velocity  vector. 
To  correctly  determine  the  desired  attitude  the  ACS  processor  must  "know”  the 
orbital  position  of  the  spacecraft.  Each  cycle  the  EPHEM  processor  provides  to 
the  ACS  processor  the  F.S.  ECI  position  and  velocity  vectors,  R and  V.  The  ACS 
processor  then  builds  the  target  quaternion  QT  by  aligning  the  spacecraft  +Z 
axis  along  and  the  +X  axis  along  -rV.  In  support  of  the  EPHEM  processor  the 
ground  must  calculate  and  uplink  2 data  files.  One  file  is  the  6 sets  of  42 
coefficients  of  the  Fourier  power  series  ephemerls  representation.  The  other 
file  is  a set  of  F.S.  position  vector  residuals  at  the  Fourier  power  series 
evaluation  times.  The  UCUP  processor  then  uses  these  two  files  to  calculate  6 
sets  of  interpolator  coefficients  for  each  10  minute  "grid"  interval  between  the 
Fourier  power  series  evaluation  times.  The  EPHEM  processor  then  uses  the 
interpolation  coefficients  to  calculate  the  components  of  R and  _V  at  the  ACS 
cycle  Interval,  .512  sec  if  MODE  <^4  or  .256  sec  if  M0DE=7  . 

The  reference  quaternion  represents  a position  which  is  propagated  using  gyro 
data.  To  Initialize  Che  reference  requires  some  direct  measurement.  On  Landsat- 
D the  initialization  is  accomplished  by  measuring  the  Earth  vector  and  the  Sun 
vector  in  in  body  coordinates  and  then  using  the  calculated  Earth  and  Sun 
vectors  from  the  EPHEM  and  SOLAR  EPHEM  processors  to  determine  Che 
transformation  from  the  ECI  system  to  the  body  system. 


Gyro  data  is  subject  to  sy-  .'matlc  errors  which  cause  the  reference  quaternion 
to  drift  from  the  actual  spacecraft  attitude.  To  compensate  for  these 
systematic  errors  periodic  •orrecticns  of  the  reference  quaternion  using  direct 
maasurements  are  required.  On  Landsat-D  these  periodic  corrections  are 
implemented  by  the  Update  Filter  processor.  The  direct  measurements  used  are 
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at«r  posltlona.  The  Update  Filter  uses  the  ground  vjpltnked  star  catalog  to 
Identify  starts  which  are  being  tracked  by  the  Fll:>T's.  IVhon  "guide  stars"  are 
Identified  their  measured  position  errors  are  used  to  update  the  reference 
quaternion  and  the  gyro  bias  vector. 

To  avoid  reaction  wheel  speed  saturation  some  method  of  generating  "dumping 
torqvioa"  must  be  employed.  The  primary  mode  for  "dumping"  reaction  wheel 
momentum  on  Landsat-D  Is  to  generate  torques  using  the  magnetic  torquers.  Wheel 
speed  and  Magnltometer  data  are  used  to  generate  the  proper  torquer  bar 
comnvands.  Thu  capability  does  exist  to  use  thrusters  but  their  use  for 
"dvimplng"  wheel  momentum  Is  not  planned. 

Figure  B. 3. 12-1  shows  the  ACS  processor  top  level  block  diagram,  and-  Figure 
U. 3. 12-2  shows  the  OBC  ACS  software  and  Intorfacc  with  executive. 
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Figure  13.5.12-2.  OBC 
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Table  3.12-1.  List  of  ACS  Subroutines 


1st  Level 

2nd  Level 

Other  Levels 

omocoMP 

MTRAFD 

ENAQTHR 

ESP ROC 

SKEWED 

DISAQTHR 

MAGNET 

MODEFD 

EACOMP 1 ■ 

WHLTAC 

ORBADJI 

EACOMP2 

FSSCAL 

EPOINTI 

CROSS 

MI  NIT 

STELACQ I 

EULER 

ESACQ 

ESACQI 

XFOPJi 

STELACQ 

EACOMP 

ECIUPD 

EPOINT 

EULERC 

CRATT 

ORBADJ 

EULERI 

NORMFDB 

ACSTLM 

ATTERR 

HORMFDC 

WHLCOMP 

ACQFDA 

WHLUNLD 

ACQFDB 

STELCOMP 

ACQFDC 

THRUSTER 

ACQFDD 

NORMFD 

ACQFDP 

ACQFD 

ACQFDU 

GRYOFD 

ACQFDLL 

ACQFDS 
RIUSOTCH 
SAFEHOLD  1-1 
SAFEHOLD  1-2 
SAFEHOLD  1-3 
SAFEHOLD  1-4 
SAFEHOLD  1-5 
SAFEHOLD  1-6 
SAFEHOLD  1-7 
SAFEHOLD  1-8 
SAFEHOLD  2-1 
SAFEHOLD  2-2 
SAFEHOLD  2-3 
SAFEHOLD  2-4 
GYROFDl 
GYROFD2 
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ACS  Subroutine  Nesting 


ACS  FPOCESSOR 
GYROCQKP 
EStROC 

tNAQTHR 
DISAQTHR 
MAGNET 
WHLTAC 
FSSCAL 
MI  NIT 

MTRAFD 

SKEWED 

MODEFO 

ORBiVDJI 

EPOINTI 

STELACQI 

ESACQI 

EACOM? 

EACOMPl 

EAC0MP2 

ESACq 

\fflLCOMP 

WHLACq 

GYROFD 

GYROFDl 

GYR0FD2 

ACQFD 

ACQFD  SET 

STELACq 

WHLCOMP 

WHLACq 

WHLUNLD 

EULERC 

CROSS 

EULE.- 

XFORM 

STELCOMP 

ECIUPD 

XFORM 

CR/\TT 

EULER 

ACQFD 
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Table  3.12-2.  ACS  Subroutine  Nesting 


I 

ACQFD  SET 

EPOINT 

EULERI 

EULERC 

CROSS 

EULER 

XFORM 

ATTERR 

WHLCOKP 

vmLACQ 

WHLUNLD 

NORMFD 

NORMFD  SET 
ACQFD 

ACQFD  SET 

ORBADJ 

EULERI  i 

EULERC  ' 

CROSS 
EULER 
XFORM 
' 'TERR 
-tlRUSTER 
NORMFD 

NORMFD  SET 

ACSTLM 
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Table  8.3=12-3.  ACQFD  Set 


ACQFD 

• 

ACQFDA 

SAFEHOLD 

1-1 

SAFEHOLD 

1-2 

SAFEHOLD 

1-3 

SAFEHOLD 

1-4 

ACQFDB 

SAFEHOLD 

2-1 

SAFEHOLD 

2-2 

- 

SAFEHOLD 

2-3 

SAFEHOLD 

2-4 

ACX5FDC 

ACQFDLL 

SAFEHOLD 

1-1 

SAFEHOLD 

1-4 

ACQFD D 

SAFEHOLD 

1-5 

SaFEHOLD 

1-6 

SAFEHOLD 

1-7 

SAFEHOLD 

1-8 

RiusvrrcH. 

ACQFD F 

ACQFDS 

SAFEHOLD 

1-3 

SAFEHOLD 

1-1 

SAFEHOLD 

1-3 

ACQFD U 
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Table  B. 3. 12-4.  NORHFD  Set 


NORMFD 

SAFEHOLD  1-1 
SAFEHOLD  1-3 
NORMFDB 

SAFEHOLD  1-1 
SAFEHOLD  1-4 
SAFEHOLD  1-5 
SAFEHOLD  1-7 
SAFEHOLD  2-1 
SAFEHOLD  2-4 
RIUSWITCH 
NORl-IFDC 

SAFEHOLD  1-2 
SAFEHOLD  1-8 
SAFEHOLD  2-2 
RIUSWTCH 
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B. 3. 12. 1.1  1st  Level  Subroutines 


GYROCOMP 

GYROCOMP  InpuLS  filtered  gyro  difference  data,  CNCX,Y,Z,  from  the  Gryo’Data 
Processor  and  calculates  the  spacecraft  races  WX,  MY  and  WZ.  Mlssalignment 
errors  are  compensated  for  by  the  3x3  GS  matrix.  Scale  factors  are  accounted 
for  by  Che  high  or  low  rate  parameters  GSFLX,Y,Z  or  GSFHX,Y,Z.  The  Q'/co  bias 
compensations  TKETBX,Y,2  are  subtracted  after  the  gyro  to  body  t rans forma ti.'>n 
(GS)  and,  therefore,  refer  to  body  axes,  not  gyro  axes.  THETBX,Y,Z  ?.re  updated 
each  32  sec  by  the  update  filter. 

ESPROC  " - 

ESPROC  inputs  coarse  and  fine  earth  sensor  data  and  stores  It  In  locations  EXIC, 
EX2C,  EXIF,  E‘X2F,  EYIC,  EY2C,  EYIF,  EY2F.  Then  depending  on  MODE,  the  data 
quality,  and  the  value  of  the  ground  commanded  selection  flag  (ESASEL)  one  of 
the  four  X Inputs  Is  transferred  to  the  earth  sensor  control  errcr  EXE,  and  one 
of  the  four  Y Inputs  Is  transferred  to  EYE.  ! 

! 

MAGNET 


Magnet  Inputs  magnitometer  data  from  both  TAM  1 and  TAM  2 and  calculates  the 
earth  magnetic  field  vector  components  BEX,  BEY  and  BEZ  using  one  of  the  Ct;o 
inputs  de'iending  on  the  ground  commandable  flag  SELKAG.  Magnetic  tarquer 
disturbances  are  compensated  for  using  the  torquer  incuts  DPMXl . DPMX2 , DPMYl, 
DPMY2 , DFMZl , DPMZ2 - 

WHLTAC 


WHLTAC  inputs  raw  reaction  wheel  speed  data  from  Che  4,  16  bit  ITP  wheel  speed 
registers  and  coverts  the  data  to  wheel  momentum  HWX,  H\^Y,  HYZ,  HYS . 


FSSCAL 

FSSCAL  inputs  raw  FSS  data  and  calculates  XP  and  YP  by  compensating  the  raw  data 
for  all  known  errors.  XP  and  YP  are  sun  position  errors  with  respect  to  FSS 
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MINIT  calls  MTRAFD  and  SKEWED  once  per  major  frame.  Then  each  minor  frame  calls 
MODEFD.  The  MODE  flag  is  then  chocked  and  if: 

ESACQI  and  EACOMP 
STELACQI 
EPOiNTI 
ORBADJI 

ESACQ 


MODE-1  or  2 
MODE =3 
MODE-4 
MODE-7 


MINIT  calls 
MINIT  calls 
MINIT  calls 
MINIT  calls 


If  MODE-1  or  2 ESACQ  is  called  to  call  in  order  WHLCOMP , WilLUNLD,  GYROFD,  and 
ACQFD. 

STEIACQ  ■ 


If  MODE-3  STEI.ACQ  is  called  to  call  in  order  WHLCOMP,  WHLUNLD,  EULERC,  STELCOMP, 
and  ACQFD. 


EPOINT 


If  MODE-4  EPOINT  is  called  to  call  in  order  EULERI , EULERC,  ATTERR,  ^LCOMP, 
WHLUNLD,  and  then  NORMFO  if  j:C.'I,=3  else  EPOINT  calls  ACQFD. 


ORBADJ 


Tf  MODE-7  ORBADJI  is  called  to  call  in  order  EULERI,  EULERC,  ATTERR,  THRUSTER, 
and  then  NORMFD  if  ICAL-3  else  ORB/IDJ  by  passes  NORMFD. 

ACSTLM 


ACSTLM  controls  the  ormatting  and  the  timing  of  the  attitude  telemetry  report.  • 
(OBC  reports  Ifl  to  12) 

B. 3. 12. 1.2  2nd  Level  Subroutines 

MTRAFD 

MTRAFD  sets  flag  MT'RAFLAG-1  if  the  Channel  A motor  current  is  out  of  limits. 
SKEWED 

For  the  4-wheel  control  case  only;  SKEWFD  will  turn  off  the  power  to  the  skewed 
wheel  and  set  flag  SKEW-1  if  the  wheel  momentum  HWS  is  out  of  limits  for  3 
consecutive  readings. 
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MODEFD 


MODEFD  controls  the  activation  and  deactivation  of  CYROFD',  NORMFD  and  ACQFD. 

GYROFD  is  enabled  for  the  23  sec  period  from  separation  +7  sec  to  separation  +30 
sec.  Then  if  magnetic  acquisition  is  entered  GYROFD  is  enabled  until  yaw 
acquisition  is  complete. 

ACQFD  is  enabled  at  separation  +30  sec  and  disab  d when  the  Normal  mode  A 
operation  is  begun.  (Normal  Mode  4 — > Iv  ■•'3).  If,  however,  magnetic 
acquisition  is  entered  ACQFD  is  disabled  until  Y ••  .cquisition  is  complete. 

NORMFD  Is  enabled  when  the  normal  mode  4 operat!  ..  is  begun  and  remains  'en.-sbled 
except  during  slews. 

ORBADJI 

ORBADJI  has  3 bias  functions: 

1.  Initialize  the  orbit  adjust  by  initializing  the  O.A.  software 

parameters,  sending  wheel  commands  and  torquer  commands  equal  to  0 and 
enabling  the  REMs. 

2.  Implement  the  MODE  7 termin.at ion  tests.  I 

3.  Implement  the  MODE  7 termination  by  sotting  MODE  to  4 and  disabling 
the  aEMs. 

EPOINTI 

EPOINTI  has  2 basic  functions: 

1.  Upon  initial  entry,  EPOINTI  initializes  the  error  registers  to  zero. 

2.  EPOINTI  administers  the  stage  2 .acquisition  termination  tests, 
attitude  convergence  and  gryo  bias  convergence. 
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STELAi;QI 

STELACQI  has  2 basic  functions: 

1,  On  the  first  entry  STELACQI  initialize  stage  1 acquisition." 

2.  STELACQI  implements  the  termination  of  stage  1 acquisition  and  passes 
control  automatically  to  stage  2 acquisition  by  setting  M0DE=4  and 
M0DE4I“1.  The  ground  must,  however,  enable  the  update  filters. 

ESACQI 

ESACQI  implements  a "one  shot"  thruster  unload  in  the  event  large  rates  are 
imported  to  the  Landsat-D  flight  segment  upon  separation.  At  separation  +30  sec 
this  capability  is  permanently  disabled. 

EACOMP 


EACOMP  controls  the  logic  which  selects  the  normal  earth  acquisition  mode  or  the 
backup  mode.  If  the  earth  sensor  data  is  invalid  (ESASTA»0)  EACOMP  will 
implement  magnetic  tracking  until  the  magnetic  reference  is  reached  the  EACOMP 
will  transfer  control  to  Inertial  hold  until  the  attitude  is  favorable  for  a 
reacquisition  attempt.  Once  the  first  revolution  is  complete  software  parameters 
must  be  relnifialized  from  the  ground  to  reenter  magnetic  tracking. 

EULERC 


EULERC  uses  the  spacecraft  velocity  vector  V and  position  vector  R to  build  the 
attitude  target  quaternion  D.  The  target  frame  is  oriented  such  that  the  S/C  +2 
axis  is  aligned  along  and  the  S/C  +X  axis  is  aligned  along  +V^.  R and  are 
calculated  from  either  G.P.S.  data  processor  or  the  Ephem  processor  depending  on 
the  ground  commanded  flag  EPHEM.  Offset  pointing  is  Implemented  by  ground 
setting  OFFSET  to  1,  and  the  euler  offset  parameters  B in  Che  case  of.  a pitch 
offset,  or  the  yaw  slew  parameters  in  the  case  of  a yaw  offset. 

EULERI 

EULERI  uses  the  result  of  GYROCOMP , THETAX,Y,Z,  to  build  a small  angle 
approximation  to  the  quaternion  which  represents  the  spacecraft  rotation  during 
the  preceeding  cycle,  QD.  The  reference  quaternion  is  then  propigated  by. 
Q(Ref)  » Q Q(Ref). 
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ATTERR 

ATTERR  first  calculates  the  error  quaternion  C by;  C = (EPA**-1)*D.  Then  the 
attitude  errors  are  calculated  from  the  error  quaternion  C by: 

EX  » -2  Cl  - -2  a Sin  (9E/2)  » -0EX 

EY  •>  -2  C2  *•  -2  a Sin  (9E/2)  S -0EY 

EZ  - -2  C3  « -2  a Sin  (9E/2)  S -9EZ 

WHLCOMP 

The  basic  function  cf  WHLCOMP  is  to  use  position  error  data  and  rate  error  data 
to  calculate  wheel  commands  TWX,  TWY,  TWZ  and  TWS . 

If  M0DE“1,  2 or  3 or  M0DE="4  with  ICAL°2  the  X and  Y control  errors  ELX  and  ELY 
are  calculated  from  IRU  rates  WX,  WY  and  WZ  and  earth  sensor  data,  or  IRU 
integrated  data,  or  tarn  data  depending  on  whether  SWITCH1=4,  or  3,  or  2.  The  Z 
control  error  EL2  is  calculated  from  IRU  driven  yaw  error,  gyrocompassing,  or 
simple  rate  stabilization  depending  on  whether  SWITCHZ“3,  or  2,  or  1 . The 
intermediate  wheel  commands  TWXC,  TWYC  and  TWZC  are  then  calculated  from  ELX, 
ELY  and  ELZ  tislng  a 2-stage  filter. 

If  M0DE=4  with  ICAL=3  the  intermediate  wheel  commands  TWXC,  TWYC  and  TWZC  are 
derived  from  the  spacecraft  rates  WX,  WY  and  WZ  calculated  in  GYROCOMP;  the 
outputs  of  the  ATTERR  subroutine  EX,  EY,  EZ;  and  the  Integrals  EIX,  EIY,  £IZ  and 
double  integrals  ED IX,  EOIY,  EDIZ  of  the  errors  EX,  EY,  EZ.  TWXC,  TWYC  and  TWZC 
are  then  compensated  for  TORS  antenna  movement  using  NASTEP  and  NESTEP . 

The  Failed  wheel  branch  of  WHLCOMP  is  executed  independent  of  MODE.  If  the  X,  Y 
or  Z wheel  is  failed  (FAILWt^4)  the  failed  wheel  is  replaced  by  the  skewed  wheel 
and  the  failed  wheel  wheel  command  is  set  to  0.  If  all  wheels  are  OK  (FAILW^A) 
the  final  wheel  commands  depend  on  3 or  4 wheel  control  IW4=0  or  1 . In  all 
cases  the  final  output  of  WHLCOtiP  are  the  wheel  commands  TWX,  TWY,  TWZ,  TWS. 

WHLUNLD 


The  basic  function  of  WHLUffLD  is  to  calculate  and  send  commands  to  the  magnetic 
torquers  (if  MAGULD=>1)  and  the  thrusters  (if  IENUNL=1)  to  create  torques 
opposite  in  direction  to  the  wheel  momentum  vector.  The  outputs  are  the 
magnetic  torquer  commands  MX,  MY,  MZ  and  the  1x6  thruster  command  array  lACCMD. 

STELCOMP 


STELCOMP  controls  the  timing  of  stage  1 acquisition  by  calling  ECIUPD  once  each 
120  cycles  (~61.4  sec). 


LSD- WPG- 26 3 


B 


182 


■?y  V 


SVS-10266 
Appendix  B 
31  December  1981 


THRUSTER 

THRUSTER  Implements  the  orbit  adjust  mode. 

If  the  back-up  mode  Is  commanded  by  g'^ound  setting  ITHBMD*!  then  each  .256  Sec  2 
orbit  adjust  5 lb.  thrusters  are  fired  until  termination  as  defined  In  ORBADJI. 
If  any  attitude  errors  exceed  their  limits  (2  degrees  in  all  axes)  the  orbit 
adjust  thrusters  are  disabled  and  the  .2  lb.  attitude  thrusters  are  used  until 
the  attitude  errors  are  brought  within  Imits. 

If  the  normal  mode  Is  cotrmanded  (ITHBMD“P)  all  4 orbit  adjust  thrusters  are 
fixed  each  .256  sec  cycle  except  for  certain  defined  cycles  where  either 
thruster  54  or  5l  is  off  pulsed  to  compensate  for  the  center  of  mass  to*  center 
of  thrust  offset  caused  toques.  Figure  B. 3. 12-7  shows  the  hystevlsls  firing  for 
pitch  and  yaw  attitude  thrusting.  In  the  range  A-B  the  open  loop  firing  pattern 
Is  executed.  In  the  range  B-C,  the  O.A.  thrusters  are  fired  not  using  the  open 
loop  table  but  rather  using  the  commands  to  the  attitude  thrusters  to  determine 
the  off-pulsing  pattern  (attitude  thruster  override).  In  range  D-E-F,  the  O.A. 
thrusters  are  all  disabled  In  favor  of  attitude  thrusting. 

NORMFD 

NOR.MFD  implements  the  top  level  logic  of  the  nornuil  mode  Failure  Detection  and 
Correction  logic.  If  EX  >THRlF  or  EXIC  >THRAl  or  EX2C  >THRA2  then  NORMFD  B Is 
called.  If  EY  >TUPIF  or  F.YIC  >THPl  or  EY2C  >THP2  then  NORMFD C la  called.  L.astly 
the  yaw  FDC  is  Implemented  by  testing  WBX.  If  WBX  Is  greater  than  TXl  Chen 
either  safehold  l-l  or  safchold  1-3  la  called  depending  on  the  state  of  the  IRU 
Channel  A current  (MTRAFLAG). 

ACQFD 

ACQFD  Implements  the  top  level  logic  of  the  acquisition  mode  Failure  Detection 
and  Correction  logic.  If  both  earth  sensors  have  earth  presence  ACQFDC  is 
called.  If  Just  ESAI  or  ESA2  has  earth  presence  then  ACQKDA  or  ACQFDB  is 
called.  If  neither  ESA  has  earth  presence  ACQFDD  is  called  if  ACQRIU-3,  If 

ACQRIU  and  3 then  RIUSWTCH  is  called.  In  all  cases  ACQFDP  and  ACQFDA  are 

called. 

CYROFD,  GYROFDI,  GYR0FP2 

GYTIOFD  calls  GYROFDI  to  compare  the  X axis  inputs  from  Channel  I and  Channel  2 
and  the  Y axis  Inputs  from  Channels  I and  2.  Then  CYROFD  calls  CYR0FD2  to 

compare  the  2 axis  Inputs  from  Channels  I and  2.  If  any  Inputs  disagree  the 

smjillor  value  Is  assumed  to  be  correct.  The  logic  assumes  operation  using 
Channel  2 and  If  the  Channel  l lnpi>t  Is  lower  a switch  to  Channel  I Is  made  for 
the  corresponding  failed  axis.  If  the  Channel  2 Input  Is  lower  no  action  is 
taken  except  to  set  the  corresponding  dilemma  flag. 
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B. 3. 12. 1.3  Other  Levels 


ENAQTHR 

ENAQTHR  enables  thrusters  for  a “1  shot"  momentum  unload.  (Called  only  by 
ESACQI) 

DISAQTHR 


DISAQTHR  disables  thruster  unloading.  (Called  only  by  ESACQI) 

CROSS 

CROSS  is  a math  subroutine  used  to  calculate  the  cross  product  of  2 vectors. 

EULER  EULER  fs  a math  subroutine  used  to  calculate  the  4 element  quaternion 
given  the  rotation  matrix. 


XFORM  Is  a math  subroutine  used  to  transfer  a vector  from  one  coordinate  system 
to  another  when  the  transformation  is  specified  by  a quaternion. 

ECIUPD 

In  the  normal  mode  (SAQBU°0)  ECIUPD  calculates  the  initial  value  of  the 
reference  quaternion  using  the  Earth  and  Sun  vectors  measured  in  both  Body  and 
ECI  axes.  In  the  back-up  mode  the  reference  quaternion  is  initialized  simply  by 
setting  the  reference  quaternion  equal  to  the  target  quaternion. 

CRATT 

CRATT  is  called  by  ECIUPD  to  calculate  the  transformation  matrix  from  the  ECI 
coordinate  system  to  the  body  system  using  the  Earth  vector  and  the  Sun  vector 
each  measured  with  respect  to  both  systems. 

NORMFDB 


Thera  are  7 possible  cases  for  X axis  failures  using  the  three  parameters  EX, 
EXIC,  and  EX2C.  (Case  8 is  all  three  OK  which  is  not  a failure.)  NORMFDB  calls 
one  of  the  Safehold  subroutines  or  RIUSWTCH  depending  on  the  failure  case  and 
the  status  of  the  Channel  A motor  current.  (MTRAFLAG) 


NORMFDC 

There  are  7 possible  cases  for  Y axis  failures  using  the  three  parameters  EY, 
EYIC,  EY2C.  NORMFDC  calls  one  of  the  safehold  subroutines  or  RIUSWITCH 
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depending  on  the  failure  case,  the  state  of  ACQRIU  and  the  state  of  EVESl. 
ACQFDA 

ACQFDA  calls  safehold  1-1,  1-2,  1-3,  or  1-4  depending  on  the  status  of  MTRAFLAG, 
EYIC,  and  EXIC. 

ACQFDB 

ACQFDB  calls  safehold  2-1,  2-2,  2-3,  or  2-4  depending  on  the  status  of  MTRAFLAG, 
EY2C,  and  EX2C. 

ACQFDC 

ACQFDC  calls  safehold  1-2  or  ACQFDLL  depending  on  the  status  of  EYIC  and  EYZC . 
ACQFDD 

ACQFDD  calls  safehold  1-5,  1-6,  1-7,  or  1-8  depending  on  the  status  of  MTRAFLAG, 
WGYDl , and  WGXDl . 

ACQFDP 

ACQFDP  calls  ACQFDS  if  yaw  FDC  is  disabled  and  M0DE“1  or  2.  Otherwise,  if  WGX02 
is  out  of  limits  ACQFDP  calls  either  safehold  1-1  or  1-3  depending  on  the  status 
of  MTRAFLAG. 

ACQFDD 

If  M0D~,=  1 or  2 and  SWITCHl'*!  , 2 or  3 ACQFDD  comminds  Che  ACEB  SHE  position  input 
to  ES/GYC  If  SWITCH1P=1 , 2 or  3 or  to  Inertial  hold  if  SWITCHlP-4. 

ACQFDS 


ACQFDS  checXs  the  Z rate  by  comparing  WBDZl  and  WBDZ2.  If  WBDZ  only  is  out  of 
limits  safehold  1-3  is  called.  If  both  are  out  of  limits  then  ACQFDS  will  set 
IGYZ=0  and  ZRATDIL-1  if  /WBDZ2/</WGDZl/ ; otherwise  ZR/\TDIL  is  set  to  2, 

ACQFDLL 

ACQFDLL  calls  safehold  1,  1 or  1-4  depending  on  the  status  of  EXlC,  EX2C,  and 
MTRAFLAG. 
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SAF3H0LD  1-1  — > 2-4:  The  following  table  Illustrates  the  functions  of  the  12 

saf ehold  subroutines . 


Table  B. 3. 12-5.  Safehold  Routines 


Safehold 

S 

Earth  Pointing 
or 

Sun  Pointing 

ACE 

SHE 

A or  B 

IRU 

Rate 

Select 

SHE 

Position 

Select 

SRM 

CMDED 

OFF 

1-1 

EP 

A 

R1,P1,Y2 

ESAl ,GYC 

Skew 

1-2 

EP 

A 

R1  ,P1,Y1 

ESAl.GYC 

Roll 

1-3 

EP 

A 

R1,P1,Y1 

ESAl ,GYC 

Pitch 

1-4 

EP 

A 

R1 ,P1,Y1 

ESAl ,GYC 

Yaw 

1-5 

IH 

A 

SI ,P1 ,Y1 

IRU 

R1 ,P1,YI 

Skew 

1-6 

IH 

A 

R1 ,P1,Y1 

IRU 

R1,P1,Y1 

Roll 

1-7 

IH 

A 

R1 ,P1 ,Y1 

IRU 

R1,P1,Y1 

Pitch 

1-8 

IH 

A 

R1 ,P1 ,Y1 

IR2 

R1 ,P1,Y2 

Yaw 

2-1 

EP 

B 

R1 ,P1,Y1 

ESA2 

GYC 

Roll 

2-2 

EP 

B 

R1 ,P1 ,Y1 

ESA2 

GYC 

Pitch 

2-3 

EP 

B 

R1  ,P1  ,Y1 

ESA2 

GYC 

Yaw 

2-4 

EP 

B 

R1 ,PL ,Y1 

ESA2 

GYC 

Skew 

i 

1 

i 
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B.3.12.2  Attitude  Control  (ACS)  Processor  Operation 
B. 3. 12. 2.1  Mode  I (Earth  Acquisition  Nadir  Only) 

1.  Sensors; 

Roll  and  pitch  position:  ESA  2 coarse  Inputs  EX2C  and  EY2C.  If  the 

ESA  2 data  Is  out  of  limits  (EVES2  <EVES20K) , then  the  ESA  1 coarse 
inputs  EXIC  and  EYIC  are  used. 

If,  at  any  time  prior  to  MODE-3 , both  ESA  data  Inputs  are  out  of 
limits  (EVES2  <EVES20K  and  EVESl  <EVES10K),  the  software  will  delay  5 
cycles  (“2.5  sec)  and  then  default  to  the  back-up  acquisition  mode 
(see  Section  B.3.12.2. 3).  If  during  the  5 cycle  delay  data  from  either 
earth  sensor  becomes  valid  the  delay  counter  Is  reset  and  the  normal 
acquisition  mode  will  resume. 

The  pitch  orbit  rate  bias  Is  disabled  (SWTCHY“l). 

Yaw  position;  Simple  rate  stabilization.  (ELZ  » KRLZ  * WZ) . 

The  control  system  will  drive  the  control  error  ELZ  and  hence  the  rate 
WZ  to  0. 

Roll,  pitch  and  yaw  rates;  IRU  (R2,P2,Y2) 

2.  Actuators;  4 SRWs  with  magnetic  torquers  for  unloading  momentum. 

Thrusters  will  be  disabled  except  for  the  first  30  seconds  after 
separation  when  they  will  be  enabled  to  execute  a "one  shot”  thruster 
unload,  in  the  event  the  launch  vehicle  Imparts  large  rates  to  the 
F.S.  The  system  momentums  SYSMOX,  SYSPL,  SYSMOZ  are  calculated  and 
compared  to  the  threshold  HTHXl , HTHYL,  HTHZl .'  If  the  first 
comparison  shows  low  system  momentum,  thrusters  will  not  fire  and 
JTHSW  will  be  set  to  1 and  remain  I disabling  the  thrusters 
permanently.  (The  thrusters  can  then  be  reenabled  only  by  ground 
command.)  If,  however,  the  first  comparison  shows  high  system 
momentum  thrusters  will  fire  until  one  of  the  following  two  conditions 
are  met; 

a.  All  three  components  of  the  system  momentum  are.  brought  within 
limi ts . 
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b.  The  30  second  rime  limit  is  reached.  If  the  30  second  time  limit 
Is  reached  JTHSW  will  remain  0,  flagging  possible  residual 
momentum.  IE  the  system  momentum  is  all  uffToaded' JTHSW  will  be  0 
during  the  time  thrusters  are  firing  and  then  be  set  to  1 after 
all  three  components  of  momentum  pass  the  comparison  test. 

3.  Operation:  The  ACS  software  is  initialized  to  mode  1 (M0DE“1)  at 
launch.  Nadir  acquisition  will  commence  6 cycles  (“3  sec)  after 
separation.  The  launch  vehicle  is  expected  to  release  the  FS  such 
that  the  spacecraft  Z axis  is  within  3 degrees  of  the  nadir  vector, 
and  the  acquisitions  of  local  vertical  is  expected  to  take  roughly  5 
minutes.  Nadir  acquisition  (mode  1)  is  completed  when  the  Z axis  is 
earth  pointing  within  9.7  deg,  both  roll  and  pitch  rates  are  Ifiss  chan 
1 deg/sec  and  the  yaw  rate  is  less  than  0.57  deg/soc.  The  yaw 
orientation  is  arbitrary  since  it  is  not  controlled,  but  if  no  one- 
shot  thrusting  is  required  Che  S/C  .X  axis  orientation  is  expected  to 
be  within  3 degrees  of  the  F.S.  velocity  direction.  Assuming  Chat 
either  one  or  the  other  ESA  is  always  yielding  valid  data  the  flight 
software  will  then  set  M0DE*2  and  control  will  then  automatically  pass 
to  mode  .2.  The  above  mode  1 teniilnatalon  conditions  define  the 
initial  conditions  for  mode  2. 

B. 3. 12. 2. 2 Mode  2 (Earth  Acquisition,  Orbit  Plane) 

1.  Sensors; 

Roll  and  pitch  position;  ESA  2 coarse  Inputs  EX2C  and  EY2C.  The  ESA 
switching  logic  defined  in  Section  B. 3. 12. 2.1  for  mode  I is  also  used 
in  mode  2 . 

The  pitch  orbit  r.ste  bias  is  enabled.  (SWTQiy"2) 

Yaw  position:  gyrocompassing 

The  control  system  uses  the  ESA  outputs  to  maintain  the  S/C  Z axis 
pointing  along  the  nadir  vector.  As  the  spacecraft  orbits  the  earth 
it  will  be  forced  to  rotate  about  some  axis  to  maintain  nadir 
pointing.  If  the  S/C  X axis  is  in  the  direction  of  the  orbital 
velocity,  this  rotation  will  be  pure  pitch.  If,  however,  the  X axis 
is  not  In  the  direction  of  the  velocity  vector,  nuiintalnlng  local 
vertical  pointing  requires  a roll  and  a pitch  maneuver.  These 
maneuvers  will  be  repeated  each  cycle  yielding  a roll  and  a pitch 
rate.  The  sice  of  the  X maneuver  la  proportional  to  the  yaw  error  and 
opposite  In  direction.  The  yaw  axis  position  error  Is,  therefore, 
nogs t Ive ly  proporr Iona  1 to  the  roll  rate.  (See  Table  B.3.l2"t>.) 

Roll,  pitch,  yaw  races:  ISU  (R2,P2,Y2).. 
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2.  Actuators:  4 SRWs  with  magnetic  torquers  for  unloading  momentum. 

3.  Operation:  Mode  2 will  continue  local  vertical  acquisition  to  within 

2.9  degrees  with  roll  and  yaw  rates  less  than  .02  deg/sec  and  pitch 
rate  less  than  .057  deg/sec.  In  addition'  node  2 will  align  the 
spacecraft  X axis  along  the  velocity  direction.  When  these  orbit 
plane  acquisition  conditions  are  met  the  software  will  set  M0DE2C“1. 
The  ground  operations  team  will  then  manually  initiate  stage  1 steller 
acquisition  by  uplinking  MODE-3  and  MODESl^l.  Once  this  is  done  stage 
1 and  stage  2 steller  acquisition  will  automatically  be  executed  and 
telemetry  will  report  M0DE=4  end  ICAL=2.  Tlje  quaterlons  derived  from 
gyro  and  star  data  are  not  used  to  derive  the  control  error  until  the 
ground  uplinks  ICAL^S.  See  Section  3. 4. 2. 2. 4. 
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VELOCITY  DIRECTION 


i 

J 


CASE  1:  THE  X AXIS  IS  PROPERLY  ALIGNED  ALONG  THE  VELOCITY  DIRECTION  AND 
THE  Z AXIS  HOLDS  LOCAL  VERTICAL  AS  THE  S/C  ROTATES  ABOUT  Y AT 
THE  ORBIT  RATES. 


CASE  2:  THE  X AXIS  DOES  NOT  LIE  IN  THE  ORBIT  PLANE  SO  THE  ORBIT  RATE  ABOUT 
Y CAUSES  THE  Z AXIS  TO  LEAVE  THE  LOCAL  VERTICAL 
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B. 3. 12. 2. 3 Back-Up  Earth  Acquisition  Mode 

If  at  separation  the  earth  pointing  errors  are  >30  deg.  It  is  probable  that  the 
earth  is  not  In  the  field  of  view  of  either  earth  sensor.  If  this  situation 
occurs  the  back-up  earth  acquisition  mode  will  protect  the  payload  instruments 
from  the  sun.  This  is  accomplished  by  pointing  Che  +2  axis' along  the  earth's 
magnetic  field  vector  and  tracking  the  magnetic  field  until  the  field _ vector 
points  in  the  direction  of  the  earth  sun  line  away  from  the  sun.  At  this  point 
the  inertial  hold  mode  is  entered. 


Stage  1:  Magnetic  field  tracking  from  separation  to  the  magnetic  reference.  (0 

<TACS  <TMTST1).  See  Figure  B. 3. 12-4. 

1.  Sensors; 

Roll  and  pitch  position:  Magnetometers 

The  control  system  drives  the  spacecraft  such  that  the  X and  Y 
components  of  the  field  vectors  in  body  coordinates  are  zero.  Fig^.ire 
B. 3. 12-5  shows  the  field  vector  B in  body  coordinates.  BX  and  BY  are 
vised  to  derive  the  control  errors  ELX  and  ELY.  ELX  = KRLX*WX  +K.PRX 
BEY/BMAG.  Where  + is  determined  by  the  value  of  SWTCHl , the  direction 
to  the  ma ^netlc  field.  From  Figure  B.3.12-5  one  can  see  that  a 
rotation  about  X is  required  to  drive  BY  to  0. 

The  pitch  orbit  rate  bias  is  disabled.  (SWTCdY=»l) 

Yaw  position;  Simple  rate  stabilization 

Roll,  pitch,  yaw  rates:  IRU  (R2,P2,Y2) 

2.  Actuators:  4 SRWs  with  both  magnetic  and  thruster  unloading  disabled. 

3.  Operation;  Stage  1 is  entered  if  at  any  time  prior  to  TAGS  = TKTSTl 
both  earth  sensors  fail  to  produce  valid  data.  TAGS  is  the  AGS  time 
which  is  initialized  to  0 at  separation  and  TMTSTl  is  a constant 
defining  the  time  when  the  spacecraft  reaches  the  magnetic  reference. 

Magnetic  field  tracking  is  the  control  mode  until  TAGS  =•  TMTSTl  at 
which  time  control  automatically  passes  to  stage  2. 

Stage  2: 


At  the  magnetic  reference.  TAGS  = TMTSTl 

I’/hen  the  spacecraft  reaches  the  magnetic  reference  the  Inertial  hold 
mode  is  entered  due  to  the  following  automatic  software  changes. 
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a.  SVrrCHl  “>  3 

b.  SWTCH2  — > 1 

c.  SWTCHY  — > 1 

d.  KAGULD  — > 1 

e.  SWTCHZ  — > 1 

I.  BXG  ■“  BEY/3MAG 
EYG  “ bex/b;:ag 


Use  IRUs  for  roll  and  pitch  positions 
Disable  the  pitch  position  bias 
Disable  the  pitch  orbit  rate  bias 
Enable  magnetic  unloading 

Use  simple  rate  stabilization  for  yaw  position 

Initialize  the  IRU  integrated  position 
registers  to  the  current  value  of  the  Y'X 
field  components  (normalized). 


Stage  3:  Inertial  hold  from  the  magnetic  reference  to  the  point  at  which 

reacquisition  is  attempted.  TiYTSTl  <TACS  <T>frST2. 

1.  Sensors: 

i 

Roll  and  pitch  position:  IRU  integrated  position  registers  EXG 

and  EYG.  The  pitch  orbit  rate  and  position  biases  are  disabled. 

Yaw  position:  Simple  rate  stabilization. 

Roll,  pitch,  yaw  rates:  IRU 

Actuators:  4 SRWp  with  magnetic  unloading  enabled. 

Stage  4:  Reacquisition  attempt.  (TAGS  _>TIirST2) 

When  TAGS  TMTST2  the  S/G  attitude  should  . favorable  for  a 
reacquisition  attempt.  At  time  T/GS  !MTST2  the  spacecraft, 

intersects  the  imaginary  line  which  connec'  the  dentefs  of  . the 
earth  and  sun.  .At  this  time,  if  ESASTA  >0  (eartn  sensors  OK), 
TMTSTA  is  reset  to  0 (T.AMs  not  in  use)  and  earth  accuisition  is 
reattempted  using  earth  sensors. 

If  magnetic  t. racking  is  to  be  reenabled  after  exit  from  umbra  of 
the  1st  revolution,  the  following  parameters  must  be  reset. 


MODE  - I 
ESACNT  = 0 
IRUSTA  = 0 
TMTSTA  = 0 
M0DE2G  = 0 
T>rrSTl  & TMTST2 


reset  automatically  by  software 


to  the  appropriate  values  defining  the  magnetic 
reference  pcint 
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* LENGTH  OF  ARROWS 
DOES  NOT  REFLECT 
MAGNITUDE  OF  FIELD! 
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Figure  B. 3. 12-4. 


Magnetic  Field  Acaulsicion  Maneuver 


hows  that  rotating  the  S/C  axes  about  X is  rsquired  to  drive  BY  to  0. 
the  Y axis  is  perpendicular  to  B . 
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Table  B. 3 .12-6.  Switch  Status 


State 

1 

2 

3 

4 

SWTCHl 

-Yaw  to 
Earth  Hag. 
Field 

+Yaw  to 
Earth  Mag. 
Field 

IRU  data 

for  Roll  A Pitch 

Position 

ESA  data 

for  Roll  & Pitch 

Position 

SWTCHY 

Pitch 

Orbit  rate 

bias 

Disable 

Pitch 

Orbit  rate 

bias 

Enable 

SWTCH  Z 

Yaw  “ Simple 
Race 

Stabilization 

Yaw  “ 

Gyrocompasslng 

1.  Simple  Rate  Stabilization  for  Yaw  Pos  Error:  ELZ  ■»  KRLZ  * WZ 


2.  Jyrocompassing  for  Yaw  Pos  Error: 

ELZ  - KRLZ  * WZ  - KZ  * KRLZ  ■>  KPRZ  * WX 


3.  Pitch  Pos  Bias:  In  the  IRU  accumulated  error  EYG  use: 


EYG  - EYG  + (WY  - OME)  " .512 


instead  of 


EYG  “ EYG  + WY  * .512 

4.  Pitch  Orbit  Rate  Bias: 


For 

ESA  use: 

use 

ELY  - 

KRLY 

(EYE  * KPRY  + WY  - OME) 

instead  of 

ELY  - 

KRLY 

(EYE  * KPRY  + WY) 

For 

IRU  use; 

use 

ELY  “ 

KRLY 

* 

WY  - OME  + KPRY  * EYG) 

instead  of 

ELY  » 

KRLY 

* 

(WY  + KPRY  * EYG) 

B . 3- 1 '?5 
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B. 3. 12. 2. 4 Mode  3 (Stellar  Acquisition  Stage  1) 

1.  Sensors: 

Roll  and  pitch  position:  ESA  2 as  in  mode  1 and  2. 

Yaw  position:  Gyrocompassing 

Roll,  pitch  and  yaw  rate:  IRU  (R2,P2,Y2) 

2.  Actuators;  4 SRWs  with  magnetic  unloading  enabled  and  thruster 
unloading  disabled. 

3.  Operation:  The  ground  initiates  the  transfer  to  mode  3 by  commanding 

MODE  “ 3 and  M0DE3I  -1.  - 

When  MODE  is  commanded  to  3 EULERC  begins  to  be  called  to  calculate 
the  target  quaternion  D1 , D2 , D3,  D4.  Since  the  Landsat-D  mission  is 
earth  pointing  Che  target  orientation  is  dependent  upon  F.S.  orbital 
position;  EULERC  is  then  called  each  .512  sec  to  recalculate  the 
desired  pointing  quatemir.n.  The  EPHEM  processor  provides  to  the 
EULERC  module  the  flight  segment  position  vector  P and  velocity  vector 
V.  The  position  and  velocity  vectors  are  calculated  in  the  following 
manner.  The  background  processor  UCUP  uses  6 sets  of  42  ground 

upllnJ'.ed  fourler  series  coefficients  to  calculate  Che  position  and 
velocity  vectors  at  10  minute  intervals.  To  each  "grid  point" 
position  vector  is  added  a position  residual  vector  (3  components). 
The  252  fourier  coefficients  must  be  updated  once  per  day.  The  length 

of  the  residual  table  depends  on  the  time  between  table  uplinks.  UCUP 

uses  the  fourler  series  coefficients  and  the  residuals  to  calculate  a 
unique  set  of  45  Intepolator  coefficients  to  be  used  for  each  10 
minute  Intervals  between  grid  points.  Eight  coefficients  are  needed 
for  each  component  of  position  and  seven  coefficients  for  each 
component  of  velocity.  The  foreground  processor  EPHEM  then  uses  the 
Interpolator  coefficients  to  calculate  the. F.S.  position  and  velocity- 
vectors  at  .512  second  intervals.  EULERC  then  uses  the  P and  V 

vectors  to  build  the  target  reference  frame.  The  target  +Z  axis  is 
aligned  along  -P  and  the  target  +X  axis  along  +V . See  Figure 
B. 3 .12-6. 


B. 3-196 
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Stage  1 steller  acquisition  is  perfonaed  by  the  module  ECIUPD  which  is  I 

called  by  STELCOMP  during  mode  3.  The  option  exists  to  use  either  the  1 

normal  mode  or  the  backup  mode.  The  choice  is  implemented  by  the  5 

ground  setting  of  the  flag  SAQBU  (1  — > back-up  mode;  0 — > normal  i 

mode).  ■ \ 

Normal  Mode : j 

In  the  normal  mode  the  reference  quaternion  EPA  1,2, 3, 4 is  initialized  ' 

using  the  earth  and  sun  vectors.  The  earth  and  sun  vectors  are  each 

calculated  in  the  ECI  system  (El  and  SI)  and  the  body  system  (E^  and 

SV) . The  relationship  between  ECI  and  body  coordinates  is  then 
derived  from  the  components  of  these  four  three-component  vectors. 

The  earth  vector  in  body  coordinates  (ES)  is  calculated  from  the  earth 
pointing  errors  EXE  and  EYE  with  the  approscimatlon  ES2  “ 
1/(SQRT(1+EXE*EXE+EYE*EYE))  used  for  the  Z- 

component.  The  sun  vector  in  body  coordinates  is  calculated  from  the 
FSS  inputs  XP  + YP  with  the  approximation  SZ  " 

1/ ( SQRT( 1+XP*XPM-YP*YP)) . These  components  are  then 

transformed  to  body  coordinates  by  the  XF  matrix  to  yield  the 
vector  since  XP  and  YP  are  measured  with  respect  to  the  FSS 
coordinates.  The  ECI  sun  vector,  SI,  is  input  from  the  solar 
ephemerls  module.  The  ECI  earth  vector,  is  calculated  from  the 
ephemeris  inputs  as  the  unit  vector  opposite  in  direction  to  the  FS 
positive  vector  EI“-R/1^1.  The  ECI  earth  vector  and  the  ECI  sun 
vector  are  then  used  to  determine  If  the  spacecraft  geometry  is 
correct  by  performing  2 tests. 


a. 

El  SI  <Co3 

45  deg.; 

b. 

>SIN  75 

deg. 

If  these  tests  pass  CRATT  Is  called  to  use  the  components  of  EI,SI,ES 
and  S\^  to  calculate  the  transformation  matrix  CVI  from  ECI  to  body 
coordinates.  EULER  is  then  called  to  build  the  reference  quaternion 
EPAl  , EPA2,  EPA3,  EPA4  from  the  matrix  CVI.  The  flag  ECIATT  is  then 
set  to  1 flagging  the  initialization  of  the  reference  quaternion- 
When  ECIATT  >1,  STELACQI  will  set  M0DE»4 , M0DE4I-1,  SH0DE3-1  and 
1CAL=1  and  control  will  pass  automatically  to  mode  4.  Stage  2 
acquisition  must  then  be  initiated  from  the  ground  by  enabling  the 
update  filter. 

Back-up  Mode : 

The  back-up  mode  is  entered  when  the  ground  commands  SAQBU^l . In  this 
mode  the  reference  quaternion  is  set  equal  to  the  target  quaternion, 
EPA(I)  =»  D(I).  The  normalized  earth  vector  SSX  and  ESY  are  limited  to 
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<2  X 10  EXP-5  and  used  as  the  update  vector  components  SSI  and  SS2  for 
the  first  reference  update.  SS3  Is  set  to  EZER.  The  bias  vector 
SSA,SS5,SS6  is  set  to  0,0,0.  The  flags  VEC  and  UPDATE  are  set  to  1 
and  ECIATT  — > 2.  STELCOMP  will  then  transfer  control  to  mode  A by 
setting  M0DE“4,  MODEAl-1,  SM0DE3"!  and  ICAL“l.  The  first  update  then 
executed  by  EULER  I will  use  the  SSI  ,2  ,3  ,A ,5  ,6  value  set  by  the  back- 
up mode  of  ECIUPD. 

B. 3. 12. 2. 5 Mode  A - Earth  Pointing  Mode 

As  soon  as  M0DE“A  EULERI  and  ATTERR  are  called  to  proplgate  the  reference 
quaternion  from  gyro  data  and  calculate  the  attitude  error  by  computing  the 
error  quaternion  Cl,  C2 , C3 , CA  as  the  rotation  from  the  reference  position  EPA 
to  th  target  position  D.  Updates  to  the  reference  quaternion  are  performed  in 
EULER  I if  UPDATE- 1. 


B. 3. 12. 2. 5.1  Stage  2 Acquisition  (MODE- A,  ICAL-l). 

1.  Sensors: 

Roll  and  pitch  position:  ESA T data  as  in  modes  1,  2 and  3 

Yaw  position:  gyrocompass ing 

Roll,  pitch,  yaw  rates:  IRU  (R2,P2,Y2) 

2.  Actuators:  A SRWs  with  magnetic  unloading  enabled  and  thruster 

unloading  disabled. 


3.  Operation:  Stage  2 acquisition  (MODE-A,  ICio.“l)  controls  the 

spacecraft  using  earth  sensors  and  gy rocompassing  as  in  mode  3,  while 
the  update  filter  Ls  called  to  use  star  tracker  data  to  update  the 
reference  quaternion  and  the  gyro  bias  vector.  Updates  are  nominally 
performed  each  32  sec  by  the  update  filter.  Each  .512,  seconds  the 
module  EPOINTI  tests  for  attitude  and  gyro  bias  convergence.  When 
both  tests  pass  ICAL  is  set  to  2,  as  a flag,  to  tell  the  ground  it  is 
OK  to  use  the  error  quaternion  to  generate  the  control  errors.  The 
ground  then  initiates  normal  mode  A operation  by  setting  ICAL-3. 


B. 3. 12. 2. 5. 2 Normal  Mode  A Operation  (MODE-4,  ICAL-3). 


1 . Sensors : 

Roll,  pitch,  yaw  positions:  R,  P and  Y positions  are  determined  by 

using  gyro  data  to  proplgate  the  reference  quaternion,  then  generating 
the  error  quaternion  as  the  rotation  from  body  axis  to  the  target 
axis.  The  position  errors  are  then  derived  from  the  error  quaternion 
by  the  module  ATTERR.  The  control  errors  are  then  derived  from  the 
position  and  rate  errors. 

Roll,  pitch  and  yaw  rates:  IRU  (R2,P2,Y2) 
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2.  Actuators:  4 SRWs  with  magnetic  unloading  enabled  and  thruster 
unloading  disabled.  (3  wheels  for  maneuvers) 

3.  Operation:  Normal  mode  4 operation  is  entered  by  ground  setting 
ICAL"3.  At  that  time  the  normal  node  4 control  law  is  used.  GYROCOMP 
inputs  gyro  data  and  calculates  the  change  in  spacecraft  position 
since  the  last  cycle  (.512  sec),  THETAX,  THETA2,  THETAZ,  and  the 
average  rate,  WX,  WY  and  WZ,  during  that  time.-  EULERI  then  uses 
THETAX, Y,Z  to  proplgate  the  reference  quaternion,  EPAl, 2, 3, 4.  EULERC 
uses  the  F.S.  position  P and  velocity  V to  calculate  Che  target 
quaternion  Dl,2,3,4.  ATTERR  then  calculates  the  error  quaternion 
Cl  ,2, 3, 4 from  01,2,3,4  and  EPAl, 2, 3, 4;  and  the  error  EX,SY,EZ  from 
Cl  ,2,3 ,4.  WHLCOMP  then  uses  EX,EY,EZ  and  WX.WY.WZ  to  derive  the 
control  errors  and  subsequent  wheel  commands,  TWX,TWY,TWZ  ,TWS . The 
update  filter  continues  to  update  the  reference  quaternion  EPAl  ,2,3,4 
and  the  gyro  bias  vector  THETBX,Y,Z  each  32  seconds  using  star  tracker 
data.  See  Section  B. 3. 12. 2. 5. 3 for  update  filter  operation. 

Offset  Pointing ; 

Offset  pointing  is  implemented  in  EULERC  by  setting  0FFSET=1  from  the 
ground. 

Yaw  offset  only:  If  the  desired  offset  is  a yaw  maneuver  only  the 

ground  need  only  uplink  three  parameters;  IYSLEW-1  to  enable  the  yaw 
slew,  NYSLEW“f?  of  cycles  which  defines  the  length  of  the  slew,  and 
IYSLEW-+1  defining  the  direction  of  the  slew.  The  system  table 
parameters  EYSLEW3  and  EYSLEW4  are  then  used  to  generate  a yaw  bias  on 
the  target  quaternion  which  is  incremented  each  cycle  for  the  number 
of  cycles  uplinked  in  the  parameter  NYSLEW.  When  the  slew  is  complete 
the  offset  will  remain  constant.  To  return  to  the  nominal  target,  one 
must  uplink  NYSLEW,  lYSLEW  and  JYSLEW  with  JYSLEW  defining  the 
opposite  direction.  (Note  that  lYSLEW  is  reset  to  0 by  EULERC.)  For  a 
yaw  slew  only  the  system  table  parameters  B1 , B2 , B3,  B4  should  be  set 
to  0 ,0 ,0 , 1 . 

General  Offset: 


Any  offset  can  be  commanded  by  using  the  B1 , 32,  B3 , B4  parameters 
which  represent  the  rotation  from  the  nominal  target  to  the  desired 
offset.  As  soon  as  the  offset  is  commanded  (0FFSET=1)  the  control 
system  will  "see"  the  entire  slew  as  an  error  and  perform  an  eigen 
axis  maneuve  to  drive  the  error  to  0. 


» 
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B. 3 .12 .2 .5 .3 . The  ACS  uses  the  Update  Filter  to  update  the  reference 

quarternion  and  gyro  bias  vector.  See  Section  B.3.17. 

B. 3. 12. 2. 6 Mode  7 (Orbit  Adjust) 

1.  Sensors: 

Roll,  pitch,  yaw  positions:  Integrated  gyro  data  as  in  the  mode  4 

normal  operations  case. 

Roll,  pitch,  yaw  rates:  IRU  (R2,P2,Y2)  (high  rate  mode) 

2.  Actuators:  Thrusters  with  the  RWAs  disabled  (WHLCOMP  and  WHLUNLD  are 

not  called  if  M0DE=7). 


3.  Operation: 


Initialization:  Mode  7 is  initiated  by  ground  command  only  by 
setting  M0DE“7  and  M0DE7l=l . Upon  these  commands  the  gyros  are 
automatically  commanded  to  the  high  rate,  (.8  sec/count);  the 
torquer  commands  are  zeroed,  MX=p?Y“MZ»0;  the  appropriate  REMs  are. 
enabled,  (depending  on  the  state  of  the  flags  ITHBMD  (normal  or 
backup  mode)  and  BKUPREM  (Rems  A/C  or  B/D  for  backup  mode));  and 
the  parameters  NOAPLS,  OAPCH  and  OAYAW  are  set  to  0.  The  latch 
valves,  however,  are  not  automatically  commanded.  Prior  to 
initiating  the  maneuver  by  commanding  M0DE=7  the  following  must 
be  done: 


(1)  Set  M0DE7I=1  — > initialize  the  orbit  adjust 

(2)  Set  ITiiBi'ID  0 — > Normal  Orbit  Adjust  mode 

1 — > Backup  Orbit  Adjust  mode 

(3)  Set  BKUPREM  = 0 — > (For  use  In  backup  mode  only) 

“ 1 — > Rems  (B/D)  (if  in  backup  mode) 

(4)  Set  EXEBIAS  and  EYEBIAS  if  any  maneuver  has  been  performed. 
The  EXE  and  EYE  ESA  errors  must  be  biased  to  maintain  the 
integrity  of  the  10  deg.  termination  test. 

(5)  Perform  any  necessary  maneuvers  using  three  wheels. 

(6)  Set  up  for  any  return  yaw  maneuver  subsequent  to  the  Orbit 
Adjust. 

(a)  lYSLEWCMD  =■  1 Enable  part  Orbit  Adjust  maneuver 
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(b)  NYSLEWCMD  •■  number  of  cycles  for  SLEW 

(c)  JYSLEWCMD  >+l  direction  of  SLEW 

(7)  Set  NORBADJ  - number  of  Orbit  Adjust  Pulses  desired.  • 

llT.TrtTl  n^tneuver  may  be  terminated  in  any 

on©  of  th©  following  waysi  ^ 


(1)  NOPALS  >NORBAOJ  - Orbit  Adjust  will  nominally  terminate 

counts  the  number  of  Orbit  Adjust  pulses.' 
NORBADJ  is  the  uplinked  desied  number  of  pulses. 

(2)  TAGS  >^TOA.HX  - The  maximum  time  of  600  sec  has  been  exceeded.. 

~ of?  position  is  out  of 

Z„  (MO  deg.  off  nominal).  For  certain  Orbit  Adjust, 
maneuvers  TSAM  may  be  set  higher. 

(4)  SCFLAGS-3  The  solar  array  potentiometer  is  bad. 

(5)  E.XE-EXEBI.\S  >ES^L'(  (100'S  mo  . , 

' ' lu  termination  test 

or 

EYE-EYEBIAS  >ES.MX  (10°) 

terminated  by  ground  command  by 
sending  the  following  sequence. 


(a)  Disable  REMS  A,B,C,D 

(b)  Set  M0DE<=>4 

(c)  Set  M0DE4I-1 

(d)  Sec  IU4«0 

(e)  SS2»rSEV 

(f)  SS1«SS3=SS4»SS5»SS6»0 

(g)  lEN’UNL-1  - Enable  thruster  unloading 

(h)  M.Al:uL!>*1  - Enable  magnetic  unload 

(i)  Commasid  gyros  to  low  rate  (This  must  also  Le  done 
cases  1,2,3  and  4 also.) 


for 
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c.  Normal  taode:  The  control  errors  PX,  PT  and  are  generated  from 

gyro  data  using  position  error  and  rate  error  and  smoothed  for 
three  samples.  In  the  normal  mode,  all  4 orbit  adjust  thrusters 
are  used  with  the  features  of  off  pulsing,  ?1  and  i?4  In  a given 
pattern  defined  by  the  open  loop  firing  pattern'  table  to 
compensate  for  torque  generated  because  the  center  of  thrust  is 
not  coincident  with  the  center  of  mass.  If  the  orbit  adjust 
thruster  #1  Is  off  pulsed  the  -yaw  attitude  thruster  is  pulsed 
for  280  msec.  If  the  orbit  adjust  thruster  #4  Is  off  pulsed  the 
+pltch  attitude  thruster  Is  pulsed  for  280  nsec. 

If  either  pitch  or  yaw  errors  exceed  1 deg.,  the  open  loop  firing 
pattern  table  is  abandoned.  Off  pulsing  of  the  O.A.  thrusters  is 
then  controlled  by  the  attitude  thrusting  commands.  For  example-, 
if  a yaw  attitude  pulse  Is  required,  then  O.A.  #1  is 

automatically  off-pulsed. 

If  the  errors  continue  to  grow  in  spite  of  the  off  pulsing  the 
software  will  disable  the  orbit  adjust  thrusters  and  begin  usin'r 
the  attitude  thrusters  only.  V>'hen  the  errors  become  within  the 
hysterisys  limits,  Orbit  Adjust  thrusting  will  resume.  Pitch  and 
yaw  attitude  thrusting  with  the  Orbit  Adjust  thrusters  disabled 
is  indicated  when  the  errors  are  >3  deg.  and  is  terminated  wheii 
Che  errors  are  <1  deg.  Orbit  Adjust  thrusting  may  be  interruptec 
for  as  little  as  .256  sec.  See  Figure  B. 3. 12-7.  If  the  roll 
errors  magnitude  reaches  D3Y  ("1  deg),  the  orbit  adjust  thrusters 
will  be  disabled  and  attitude  thrusters  used  until  the  roll  error 
magnitude  drops  below  D3Y  at  which  time  Orbit  Adjust  thrusting  is 
resumed . 
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Figure  B. 3. 12-7.  Mode  7 Thruster  Hysteresis 


A-->B  Normal  open  loop  firing  pattern  for  off  pulsing  Ifl  and  #4. 

B->C  Allow  ACS  thruster  comn>.ands  to  override  individual 
thrusters.  (For  +Z  and  -Y  errors  only.) 

D-E-G  Disable  orbit  adjust  thrusters  and  use  attitude  control 
thrusters.  (For  +Z  and  + Y , not  +roll) 

G-A  Reenable  orbit  adjust  thrusters  and  discontinue  the  use  of 
attitude  thrusters  except  for  the  normal  open  loop  off 
pulsing  cycles. 

The  parameters  IHTY  and  IHTZ  are  set  to  1 at  point  C and  reset  to 
0 at  point  G.  The  parameter  DISPAS  flags  the  first  pass  with 
orbit  adjust  thrusters  OFF.  The  parameter  ENAPAS  flags  the  first 
pass  with  orbit  adjust  thrusters  ON. 

Backup  Orbit  Adjust  Mode:  In  the  backup  mode  only  two  orbit 
adjust  thrusters  are  fired  each  cycle,  either  REM,  A/C  or  REMS 
B/D  depending  on  the  status  of  the  flag  BKUPREM  (1— >use  B/D,  0 
>use  A/C).  If  the  magnitude  of  any  of  the  control  errors  +Pltch, 
+Yaw,  and  +roll  is  greater  than  D2(D2=2  deg.),  then  the  orbit 
Tdjust  th7usters  are  disabled  and  attitude  thrusting  takes  place 
until  all  +pitch  and  +yaw  and  +roll  errors  are  less  than  D2  Orbit 
Adjust  thrusting  then  resumes. 
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e.  Pulse  Counting  and  Termination:  The  pulse  counting  and 

termination  test  Is  the  same  for  both  normal  and  backup  modes. 
The  length  of  the  maneuver  is  specified  by  the  ground  by 
uplinking  to  the  parameter  NORBADJ  the  total  number  of 

milliseconds  of  thruster  firing  desired.  If  an  OA  thruster  is 
commanded  to  fire  during  a particular  thruster  module  cycle  its 
dedicated  counter  is  incremented  by  256,  unless  an  attitude  pulse 
on  that  axis  had  been  commanded  the  previous  cycle.  In  the 
latter  case  the  attitude  thrusing  will  spill  over  into  the 
current  cycle.  Since  attitude  pulses  ae  230  msec  and  an  OA 
thruster  cannot  fire  if  the  corresponding  attitude  thruster  is 
firing  the  OA  thruster  will  come  on  24  msec  into  the  current 
cycle  and  fire  for  232  msec.  Therefore,  in  the  case  where  the 
corresponding  attitude  thruster  was  firing  and  burning  the 
previous  cycle  the  dedicated  OA  counter  is  incremented  by  only 
232.  At  the  end  of  each  cycle  all  4 dedicated  OA  counters  are 
added  and  stored  in  NOAPLS. 

NOAPLS“NOMS1+NOMS2+NOMS3+NOMS4 , and  the  termination  condition, 
NOAPLS  >^N0RBAD J . is  measured  in  milliseconds.  It  should  be  noted 
that  typically  the  normal  mode  will  increment  NOAPLS  by  1024  each 
cycle  (if  no  off  pulsing)  while  the  backup  mode  will  increment 
NOAPLS  by  512.  In  addition  milliseconds  of  attitude  pulsing  are 
counted  in  resistors  NACSl , NACS2 , NACS3,  NACS4 , NACS5 , and 
NAGS 6 . 

B.3.12.3  Attitude  Control  (ACS)  Software  Constraints 


TBD 
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OBC  System  Table  //50  (ACS  Mode  Control  Parameters) 

0 MODE  * F o ACS  mode  of  operation 

o Bit  definition 

"1 — >Earth  Acq  (”adir  only) 

■»2 — >Earth  Acq  (Orbit  plana', 

“3 — >Steliar  Acq 
— >Earth  Pointing 
"7 — >Orbit  Adjust 

2 MODEII  * C ESACQI  ® Earth  acquisition  initialize 

flag 

o Bit  definition  (0:DIS,  1:ENA) 

» Set  to  0 in  ESACQI  after 
initialization  of  mode  1 
thus  preventing 

reinitialization  I 

© Reset  to  1 by  ground  only  | 

, 

3 M0DE3I  * C STELACQI  o Stellar  acquisition 

e Initialize  flag 
® Bit  definition  (0:Dis,  1:ENA) 
o Commanded,  by  ground  only, 
to  1 in  order  to  pass 
control  from,  mode  2 to  3. 
(Ground  must  also  command 
M0DE=3) 

o Earth  pointing  initialize  i 

flag-  1 

o Bit  definition  (O-.DIS,  1:EMA)  ! 

o Set  in  STELACQ  upon  I 

completion  of  3TAG1  Acq  i 

o Used  in  EPOINTI  to  enable  ! 

the  Update  Filter  and  j 

implement  STAG2  Acq  ' 

I 

a Orbit  adjust  initialize  I 

flag  ' 

©Bit  Definition  (O-.DIS,  l:ENA)  : 


4 M0DE4I  * F EPOINTI 


5 MODE? I r 0R3ADJI 
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Using 

Encry 

Name 

TLM  Type 

SubrouCine 

DescripCion 

9 

Sec  by  ground  co  1 to  enable 
entry  into  the  mode 
initialization  branch  of 
ORBADJI.  To  enter  mode  7 

the  ground  must  also  command 
MODE- 7 

6 

Reset  to  0 by  ORBADJI.  - 

6 

ICAL 

* C 

QWHLCOMP 

.9 

AcquisiCion/earth  pointing 
flag 

d 

Set  Co  0 by  STELACQI  on 
initialization  of  mode  3 

e 

Set  to  1 by  STELACQI  on 
completion  of  STAGE  1 acq. 

e Sec  CO  2 by  EPOINTI  on 
complecion  of  STAGE  2 acq. 
o Set  Co  3 by  Ground  command 
Co  enable  Che  normal  branch 
of  raLCOMP 
* Used  by  WHLCOMP 

Inlclalize  flag 


7 

HTHXl 

c 

ESACQI 

Q 

System  momentum  threshold 

8 

imm 

c 

ESACQI 

Used  in  ESACQI  to  determine 
whether  a "one  shot" 
thruster  unload  is. required 
at  separation 

9 

HT.iZl 

c 

ESACQI 

10 

FIX 

c 

ESACQI 

0 

Roll,  pitch  and  yaw  moments 
of  inertia 

11 

FIV 

c 

ESACQI 

0 

Used  in  ESACQI  and  in  the 
thruster  unload  branch  of 
WHLUN'LD  to  calculate  system 

momentum. 

12 

FIX 

c 

ESACQI 

1 5 

nXSLEW 

p 

EULERC 

& 

Yaw  slew  enable  (=■!  )/disable 

(=0)  flag 
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Using 

Entry 

Nemo 

TLM  Typo 

Subroutine 

Description 

a 

Used  in  the  offset  pointing 
branch  of  EULERC  to  enable 
a yaw  slew 

14 

F 

EULERC 

o 

Yaw  slew  cycle  counter 

o 

Used  In  the  offset  pointing 
branch  of  EULERC  to  control 

the  slew  time 

13 

lYSLEW 

V 

EULERC 

& 

Yaw  slew  direction  (*/-l) 

■ 

• 

0 

Used  In  the  offset  pointing  i 

branch  o*‘  EULERC  to  define  j 

the  solaiity  of  the  y;iw  rate 
blaa  i 

16 

TIMDU 

C 

EACOMf 

0 

Time  delay  before  EAQ 
enabled 

0 

Used  In  EACOHF  to  Impletaent 
a 6 cycle  delay  before  i 

entering  the  acq  logic  of  j 

EACOMU  ; 

17 

ELVTU 

C 

EAOOMl 

o 

Acq  . pos . tl\reshold  1 : 

e 

Used  In  the  KACOMl  mode  1 j 

completion  test  ! 

■ 

9 

Mode  1 completion  test:  j 

/EKE/<ELV7;;  .-.'u;  /EYE/\KLVTH  ' 

/WX/<WH1  ;/WY,'<bTltl  ; and 
/WC/OVTH  ' 

13 

EI.VTin 

C 

EACOMFl 

O 

Acq . pos.  threshold  2 

. 

9 

Used  In  the  EACOMFl  mode  2 i 

comp le r 1 i.n  test  ‘ 

0 

MoiK'  2 completion  test: 
/EXE,\ELVT111  .'iiui  /EYK/sELVTlU 
/\«/\\."V\i2  :/W\7sVVH;  and 
/w;:/svn!2 

WTH 

c 

KAUOM’l 

e 

Acq.  rate  thrcslio  1.1  1.2, 

and  ' 

10 

WT'.ll 

c . 

EAi'OM.'  1 

• 

Used  in  EACOMFl  for  m.'.te  1 
.in.1  2 c cmp  1 e f ! ,'r.  tests.  See 
ent  i ll's  ! and  1 .S  abeve  . 

i 

r 


I 
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Entry 

Mama 

TLM 

Type 

Using 

Subroutine 

Dsscrlptlon 

21 

WTH2 

C 

EACOMP 1 

22 

WO 

c 

EULERC 

e 

Orbital  angular  rate 

e 

Used  in  EULERC  to  set  up  the 
commanded  spacecraft  rates 
WCX,  Y,  Z Nominally 
WCX-WCZ-O;  WCn’“W 

23 

SM0DE3 

* 

STELACQ 

o 

Steller  acq  submode  flag 

a Set  In  STKLACQt 


o Used  in  STELACQ 
o 0 — >ECI  reference  is  not  yet 
initialized,  the  mode  is 
still  Stage  I acquisition. 
Stage  1 acquisition  calls 
SCIUPD  to  initialize  the 
reference  quaternion  using 
derived  earth  and  sun 
vectors 

o l-->The  reference  quaternion 
has  been  initialized  by 
ECIUPD  and  Stage  2 has 
begun.  Stage  2 acquisition 
is  attitude  convergence 
using  the  UPDATE  KILTER 
processor 


24  SM0DE4  * C 


e Earth  pointing  submode 
o Set  to  I - earth  pointing 
o Not  used 


25  TMTSTl  C EACOMP  © Tiae  between  separation  and 

nvagnetlc  reference  not  to 
be  less  than  ISO  sec 
o Used  In  EACOMP  to  lock  out 
further  use  of  the  TAMS  for 
raagnetlc  field  tracking 
after  the  S/C  has  passsod 
tlie  rxagnetlc  reference. 
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Using 

Entry  Name 

TLM  Type  Subroutine 

Description 

26  TMTST2 


C EACOMP 


(Used  for  Back-up  acq. 
mode) 

» Time  bet  separation  and 
earth  acq.  opportunity  if 
magnetometer  acq.  was  used 
at  srp. 


27  POLRTY 


C EAC0MP2 


28  ESCNTT 


C EAC0.MP2 


! 30 


C EPOINTI 


C EPOINTI 


e Used  by  EACOMP  to  reenable 
earth  sensor  data 
processing  for  acquisition. 
Used  when  the  initial 
attempt  to  use  earth 
sensors  fails  and  magnetic 
tracking  mode  is  entered. 

0 Yaw  direction  to  mag.  field 
(0:+YAW,  1:-YAW) 

o Used  in  EAC0MP2  to  set  the 
yaw  axis  orientation  during 
back-up  earth  acquisition. 

o Consecutive  earth  sensor 
errors  during  earth 
acquisition 

o Used  by  EACOMP2  as  the 
number  of  cycles  to 
delay  upon  invalid 
earth  sensor  data 
before  switching  to 
magni tome  ters . 

o Earth  pointing  position 
error/gyro  bias  convergence 
threshold 

o Used  in  EPOINI  to  implement 
the  Stage  2 Acq.  Completion 
Test 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

1 

] 

\ 

31 

MAGREF 

C 

EACOMP 

o Magnetic  reference  flag 

i 

: 

.1 

0**N0T  A1  Magnetic  reference 
1“AT  or  past  reference 


6 Used  in  SACOMP  to  allow  the 
the  g,  ;.‘o  registers  to  be 
initialized  to  values 
determined  by  the  magnetic 
field  components.  The 
test  of  MAGREF  is  only 
performed  if  TACS<TMTST1 , 
i.e.  1st  rev  only. 

32  MODEP  F MODEFD  e Past  value  of  MODE 

«>  MODE  is  transferred  to 
MODE?  as  the  last 
function  preformed  by 
the  ACS  processor  before 
return  to  the  SCP. 
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Entry 

Name 

TLH  Type 

Using 

Subroutine 

Description 

OBC  System  Table 

//51  (Gyro  Data 

Compensation  Parameters) 

0 

cell 

C 

GYROCOMP 

• Gyro  axes  to  body  axes 

2 

GC12 

C 

transformation  matrix. 

4 

GC13 

C 

0 Used  in  G’fROCOKP  to 

6 

GC21 

C 

transform  raw  filtered  gyro 

8 

GC22 

C 

data  from  gyro  to  S/C  body 

10 

GC23 

C 

coordinates . 

12 

GC31 

C 

14 

GC32  • 

C 

16 

GC33 

c 

18 

GSFHX 

c 

GYROCOMP 

0 Gyro  X,Y,Z;  high,  low  scale 

20 

GSFHY 

c 

factor . 

22 

GSFH2 

c 

«*  Used,  in  GYROCOMP  to  convert 

24 

GSFXX 

c 

counts  to  RADIANS. 

26 

CSFLY 

c 

0 The  use  of  the  high  or  low 

/8 

GSFL2 

c 

race  scale  factor  is 

determined  by  bit  CHNL  of 

SENSTA. 

30 

THETBX 

V 

GYROCOMP 

e Roll,  pitch,  yaw  gyro  rate 

32 

THETBY 

bias . 

34 

THETB2 

0 Used  in  GYROCOMP 

0 Calculated  by  the  update 

filter  or  uplinked  from  the 

ground. 

36 

IGYX 

c 

GYROCOMP 

0 X,Y,Z  gyro  selection  flag 

37 

IGYY 

Qogyro  1 

38 

IGY2 

l“>gyro  2 
. 

' 
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Using 

Entry 

Name 

TLM  Type 

Sul . outine 

Description 

OBC  System  Table 

: 1 

i?52  (Uplinked  Euler  Parameters) 

0 

OFFSET 

* F 

EULERC 

0 

Offset  pointing  flag 

o 

1 — >enter  the  offset 
pointing  branch  of  EULERC. 

e 

Set  to  1 by  ground  command 
or  by  ORBADJI  if 
IYSLWCMD-1 

• 

Set  to  0 by  ground  only 

1 

EPHEMFLG 

* F 

EULERC 

0 

Ephemeris  source  flag 

e 

Used  in  EULERC 

0 

Set  by  ground  command  only 

Q 

0 — >GPS;  1 — > ground  data 

2 

B1 

EULERC 

o 

Offset  pointing  euler 

4 

B2 

parameter  set 

6 

B3 

o 

Used  by  EULERC  in  the  offset  | 

8 

B4 

pointing  branch  to  build  the  i 

offset  target  j 

10 

EYSLEW3 

EULERC 

0 

Third  and  fourth  Euler 

12 

1 

i 

; 

EYSLEW4 

6 

parameters  describing  the 
yaw  slew  1 

Used  in  the  offset  pointing  | 

branch  of  EULERC. 

EYSLEWl ,2 ,3 ,4  are  used  to 
transform  the  offset  | 

pointing  parameters  j 

Bl,2,3,4  into  the  temporary 
outer  parameters  EQ . EQ  is 
then  used  Co  obtain  the  ' 

offset  pointing  enter 
parameters  Dl,2,3,4. 

0 

EYSLEWl  and  EYSLEW2  are 

always  j0 — >only  yaw 

slews  ; 

14 

YRTBSNOM 

C 

EULERC 

0 

Nominal  yaw  slew  rate 

0 

Used  by  the  offset  pointing 
branch  of  EULERC  to  control 

the  slew  cate. 
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Entry 

Name  TLM 

Type 

Using 

Subroutine 

Description 

OBC  ^ 

stem  Table  #53  (Mag 

netometer  Parameters) 

0 

SELMAG  * 

p 

MAGNET 

• 

Magnetometer  select  flag 

(1«MAG.  1,  Z-riAG.  2) 

o 

Used  in  MAGNET 

1 

KBXX 

C 

MAGNET 

o 

Coefficients  used  in  tha 

2 

KBXY 

C 

compensation  of  the  input 

3 

KBXZ 

c 

for  the  effects  of  the 

4 

KBYX 

c 

magnetic  torquer  bars 

5 

KBYY 

c 

« 

Used  in  KAGNET 

6 

K.BYZ 

c 

7 

KBZX 

c 

8 

KBZY 

c 

' 

9 

KBZZ 

c 

j 

10 

BXB 

V 

MAGNET 

e 

Components  of  three-a>:ls 

11 

BYB 

V 

magnetic  fid  bias  vector  - 

12 

BZB 

V 

roll  component 

o 

Used  in  MAGNET 

13 

BO 

c 

MAGNET 

9 

Magnetometer  zero  offset 

1 

compensat ion 

1 

O 

Used  in  MrAGNET 

14 

MO 

c 

MAGNET 

& 

Torquer  bar  dipole  moment 

zero  offset  compensation 

O 

Used  in  MAGNET 

15 

KMS 

c 

MAGNET 

o 

Magnetometer  scale  factor 

0 

Used  in  magnet 

OBC  System  Table  1/54  (Whe 

1 

el  Tach 

Parameters) 

i 0 

KWS 

C 

WTILTAC 

e 

Tach  counts  to  momentum 

conv  factor 
o Uacd  i.n  '.•.'liLTAC 


i 

i ; 
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Entry  Name 


Using 

TLM  Type  Subroutine 


Description 


OBC  System  Table  55  ( FSS  Calibration  Coefficients) 


FSSCAL  « Fine  Sun  Sensor  calibration 

coefficients  X axis, 
o Used  in  FSSCAL  to  calibrate 
XP. 


FSSCAL  o Fine  Sun  Sensor  calibratioit 

coefficients  Y axis. 
o Used  in  FSSCAL  to  calibrate 

P. 


T cn— *5 
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Using 

Entry 

Name 

TLM  Type 

Subroutine 

Description 

OBC  System  Table 

i?56  (Earth  Senscr  Parameters) 

0 

ESASEL 

* V 

ESP ROC 

d 

ESA  selection  flag  (1:UNIT  1, 
<>1:  UNIT2) 

e 

Used  in  ESPROC  to  use  either 
ESAl  or  ESA2  as  the  first 
choice  for  the  ESA  data- 

source. 

1 

KXCl  • 

C 

ESPROC 

0 

Coarse/fine  ESA  1/2 

2 

KYCl 

C 

Roll/Pitch  gain  constants. 

3 

KXFl 

C 

• 

Used  in  ESPROC 

4 

KYFl 

C 

5 

KXC2 

c 

6 

KYC2 

c 

7 

KXF2 

c 

8 

KYF2 

c 

9 

BXCl 

c 

ESP ROC 

0 

Coarse/fine  ESA  1/2 

10 

BYCl 

c 

Roll/pitch  OFFSETS. 

11 

BXFl 

c 

o 

Used  in  ESPROC 

12 

BYFl 

c 

13 

BXC2 

c 

14 

BYC2 

c 

15 

BYF2 

c 

16 

BYF2 

c 

17 

EVES  1 OK 

c 

ESPROC 

o 

ESA  1,2  data  validity 

18 

EVES20K 

c 

o 

threshold 
Used  in  ESPROC 

o 

If  ESASEL»1  then  the  ESA  1 
data  (EVESl)  is  compared  to 
EVESIOK.  If  then  EVESl 
>EVES10K  Chen  the  ESAl  ! 

data  is  used.  IF  the  j 

above  test  fails  then  j 

attempt  is  made  to  use  j 

data  from  ESA2.  i 

) 


i 
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Name 

TLM  Type 

Using 

Subroutine 

Description 

19 

EPESl 

C 

WHLACQ 

e Euler  parameters  which 

21 

EPESl 

C 

describe  the  ESA  1,  2 

23 

EPESl 

C 

mounting  errors 

25 

EPESl 

c 

o Transferred  to  ECTMl , 

27 

EPES2 

c 

2,3,4  (either  EPESl 

29 

EPES2 

c 

(1,2, 3, 4)  EPES2 

31 

EPES2 

c 

(1,2, 3, 4)  depending 

33 

EPES2 

c 

on  the  value  of 

ESASTA)  in  ESPROC.  Then 
ECTM1,2,3,4  is  used  by 
WHLACC  if  ESA  data  is 
being  used  to  drive  the 
acq . control  errors. 
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Using 

Entry 

Name 

TLM  Type 

Subroutine 

Description 

OBC  ^ 

stem  Table 

OSl  (Wheel  Command  Parameters) 

0 

IW4 

V 

WHLCOHP 

0 

4 wheel  control  flag 

0 

l'»4  wheels;  0*»3  wheels 

o 

Used  in  WHLCOMP 

1 

AIX 

C 

WHLCOMP 

e 

Roll,  pitch,  yaw  filter- 

2 

AlY 

C 

coef  ficients 

3 

AIZ 

c 

e 

Used  in  WHLCOMP  to  filter 

4 

A2X 

c 

the  raw  wheel  drive 

5 

A2Y 

c 

commands  for  mode  4 use 

6 

A2Z 

c 

only,  (with  ICAL-3) 

7 

AFIX 

c 

WHLACQ 

0 

Roll,  pitch,  yaw  filter 

3 

AFIY 

c 

coefficients  for  acq.  modes  i 

9 

AF12 

c 

1 ,2,3  and  4 with  1C,\L<3. 

10 

AF2X 

c 

9 

Used  in  WHLACQ 

11 

AF2Y 

c 

12 

AF2Z 

c 

13 

BIX 

c 

WHLCOMP 

9 

Roll,  pitch,  yaw  filter 

14 

BIY 

c 

coef  f Icients 

15 

BIZ 

c 

e 

Used  in  WHLCOMP  to  filter 
the  raw  wheel  drive  commands 
for  mode  4,  ICi\L“3. 

16 

BFIX 

c 

WHLACQ 

0 

Roll,  pitch,  yaw  filter  I 

17 

BFIY 

c 

coefficients  for  acq.  modes 

18 

BFIZ 

c 

1 ,2  ,3  and  4 with  ICAL<3. 

9 

Used  in  WHLACQ 

35 

EL 

c 

WHL.-\CQ 

0 

Positive  earth  acq.  error 
limit. 

0 

Used  in  the  2 stage  filter  of 
WHLACQ 

36 

ELM 

c 

'.7HLACQ 

0 

Negative  earth  acq.  error 
limit 

L 

9 

Used  In  the  2 stage  filter  of 
LHLACQ 
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Entry 

Name 

TLM  Type 

Subroutine 

Description 

1 

63 

KRLX 

C 

WHLACQ 

■ 

e Roll  and  pitch  earth  acq. 

6A 

KRLY 

c 

rata  error  gains 
• Used  in  WHLACQ 

65 

KRLZ 

c 

WHIACQ 

0 Yau  earth  acq.  rate  error 

66 

XRY 

c 

o Used  in  WHLACQ 

67 

KRY 

c 

® Ra*:e  error  gains  for  roll, 

68 

KRZ 

c 

pitch  and  yaw 

» Used  in  the  normal  mode  4 
branch  of  WHLCOMP 

1 

70 

K2 

c 

WHLACQ 

0 Yaw  gyro  compassing  error  | 

gain  1 

o Used  in  WHL\CQ  for  the  yaw  ! 

error  determination  if  | 

SWITCHZ-2  i 

71 

PLMT 

c 

WliLCOMP 

1 

» Positive  and  negative  j 

72 

PlMTM 

c 

filter  O'ltput  limits  I 

o Used  in  the  normal  mode  4 
branch  of  ^■fH.^COKP 

73 

SKP 

c 

WHLCOMT 

e Skewed  wheel  rate  gain  ; 

9 Used  in  the  4-whcel  control  i 

braiich  of  WHLCOM?  • 

74 

SVLMT 

c 

WHLCOMP 

i 

o Positive  and  negative  | 

75 

SVLMTM 

c 

4-wheel  controller  limit  1 
0 Used  in  the  4-wheel  control  ' 

branch  of  WHLCO'IP  for  the 
determination  rf  the  skewed  | 

wheel  coamand  ^ | 

76 

SWLMT 

c 

'-.•HLCOMP 

1 

® Positive. and  negative  , 

77 

SWLMTM 

c 

4-whecl  controller  limit  2 
« Used  in  '.he  4-wheel  control  ‘ 

branch  of  WliLCOMP  for  t'.;e  ; 

determination  of  the  skewed 
wiieal  command. 

I 
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r 

Using 

Entry 

Niune 

TLM 

Type 

Subroutine 

Description 

78 

W4CMD 

WHLCOMP 

O 

Commanded  skewed  wheel 
momentum 

9 

Used  In  the  4-wheel  control 
branch  of  WHLCOMP 

79 

ACEAORB 

C 

9 

ACE  enabled  for  RW/Hf  cmds 
(0:A.  1:B> 

o 

CO 

WilLMT 

C 

WHLCOMP 

• 

Positive  and  negative  final 

! 31 

t 

WHLMTM 

C 

9 

wheel  command  limit 
Used  In  the  normal  mode-4 
branch  of  WHLCOMP 

82 

WYL 

C 

WHLCOMP 

9 

Pitch,  roll  and  yaw  rate 

1 83 

WXL 

C 

error  limits 

34 

W7,L 

C 

9 

Used  In  the  nornml  mode -4 
branch  of  WHLCOMP 

87 

Kll’9988 

C 

W3U.COMP 

e 

Twice  the  norta;il  raw  wheel 
conimind  limit 

9 

Used  to  limit  TW(X,Y ,2)0 
prior  to  the  filter  in 
the  norm.ll  mode  4 br.inoh 
of  WHLCOMP 

89 

Kll’99S2 

C 

91 

K6iri 1 

c 

WHLCOMP 

o 

TDRS  antenna  conversion 

92 

KM64P60 

c 

o 

f. let  or;! 

U;>vl  til  Che  normal  mo.lo  4 
branch  vif  WHLCOMP  to 
convert  DKLTNA.K  to  PI ,2,3 

■'  93 

Kt’OOi: 

c 

WIIUXIMP 

0 

rUKS  cvMints  to  iicco  1 e ra t 1 on 
sc.ale  factor  3 

e 

Used  In  WIll.ilOMP  (Modo--^ 
noniia  1 ope.r.it  Ions  ) 

94 

K!’4  58SS 

c 

WHl.COMP 

9 

rUK,'^  antenna  conipiMi.s.it  1 on 

olov.'icton  limit 


u. 


i.si'-wro^t,  1 
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Using 

Entry 

Name 

TLM  Type 

Subroutine 

Description 

o 

Used  in  the  normal  mode-4 
branch  of  WHLCOMP 

95 

SKI 

C 

WULCOMP 

• 

Skewed  wheel  controller  gain  j 

e 

Used  In  the  4-wheel  command  i 

branch  of  WHLCOMP  j 

96 

1 . 

wiiurro 

C 

i 

1 98 

WILMTA 

C 

WHLCOMP 

o 

Final  wheel  command  limit 

; 99 

WHLMTAM 

C 

WULCOMP 

( Pos  and  Neg)  ; 

• Used  in  TOLCOMP  to  limit 
TW(X,Y,Z)C  after  the  TDRS 
compensations  have  been 
added 


i.so-wPc-:t)3 
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Using 

Entry 

Name 

TLM 

Type 

Subroutine 

Description 

OBC  Sy 

stem  Table 

(?58  (Thruster 

Command  Parameters) 

0 

IHTBMD 

F 

THRUSTER 

e 

Backup  orbit  adjust  mode 

& ORBADJI 

Q 

Controlled  by  . ground  commiind 
only 

9 

Used  by  THRUSTER  and  ORBADJI 
to  choose  normal  or 
backup  O.A.  mode 

1 

BKUPREM 

F 

THRUSTER 

e 

Back  up  O/.A  REM  flag 

0 

Used  in  THRUSTER  to  choose 
RFJis  A/C  or  B/D  if  the 
Bac.,-Up  O.A.  mode  is 
chosen 

2 

■ 

PMEFLG 

C 

0 

0/A  PIE  RIU  A/B  flag 
(O-.RIU  A,  V-.RIU  B) 

0 

Used  In  proc  CMDSTM 

3 

BIASX 

F 

THRUSTER 

0 

Roll  position  error  bias 

0 

Used  in  THRUSTER  in  the 
calculation  of  the  O.A. 
control  error  TTX 

A 

BIASY 

* 

F 

THRUSTER 

e 

■ 

Pitch,  yaw  position  error 

5 

BIA3Z 

* 

F 

bias 

o BIASY.Z  are  used  in  Che 
calcvilacion  of  TTx’,2  and 
are  nominally  » 0.  If 
OAPCH  >.03  RAD  or  OAYAW 
<-.03  R.\D  BIASY  or  Z Is 
Incremented  by  .00373 
R.VD.  Tests  on  O.'YPCH, 

YAW  are  preforms  in 
mode  7 by  THRUSTER  once 
per  minute.  If  OAi’Cll 
or  OAYAVv'  Is  out  of 
limits  Che  open  loop 
firing  pattern  is 
altered  as  well  as 


L.SD-UTC-.16  3 
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Using 

Entry 

Name 

TLM  Type 

Subroutine 

Description 

the  bias  changed. 
BIASY  and  BIASZ  can 
be  reset  to  0 by 
ground  command  only. 

6 

HTKP 

C 

THRUSTER 

o 

Orbit  adjust  control  error 

7 

HTKR 

C 

THRUSTER 

e 

position  and  rate  gains- 
Used  In  THRUSTER  in  the 
calculation  of  TTX,Y,Z 

8 

OAFXl 

C 

o 

O.A.  attitude  error  gain  1,2 

9 

0AFL2 

c 

Used  In  THRUSTER  in  the 
calculation  of  0/\PCH  and 
OAYAW 

10 

lOPEN 

* c 

ORBADJl 

» 

Large  center  of  thrust- 

1 

1 

& THRUSTER 

0 

center  of  mass  offset  flag 
Used  In  0R!i/U)JI  and  THRUSTER 

1 

9 

Set  by  ground  command  only 

1 

11 

MIITLIM 

c 

THRUSTER 

0 

Firing  pattern  change 
counter  threshold 

'o 

Used  In  THRUSTER  to  control 
the  timing  of  Che  firing 
pattern  cljaiige  test 

12 

OALMT 

c 

THRUSTER 

0 

O.A.  pitch  and  yaw  error 

13 

1 

1 

MOALMT 

c 

THRUSTER 

o 

limit 

Used  In  the  firing  pattern 
test  of  THRUSTER  as  the 
limits  Co  which  OAPCH 
and  OAYAW  are  compared 
t o 

1 

14 

IT  11 LD 

V 

ORllAOd  I 

0 

Rebuild  thn'ster  firing 

piitcern  (5:rlN'A,  OiDIS) 

Used  In  ORBAUJl  to  re build 
Che  Lbrustor  tiring  pacto.rii 
in  Che  event  It  Itad  been 
ebange  by  the  firing 
pattern  ii?op  of  TIlKUSTbK 


i..sii-wrt>:nd 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

0 Set  by  ground  only 

15 

BIAS873 

C 

0 Pitch/yaw  bias  adjustment 
e BIAS873  is  the  amount  by 
which  BIASY  or/and  BIASZ 
are  changed  each  loop  of 
the  firing  pattern  change 
logic 

16 

BIASM017 

C 

e Positive  and  negative  pitch 

17 

BIASM017 

C 

bias  adjustment 

18 

NLMTS 

c 

THRUSTER 

» Pitch  and  yaw  firing  pattern' 

19 

MLMTS 

c 

index  limit 

20 

DIY 

c 

© Used  in  the  firing  pattern 

21 

D12 

c 

THRUSTER 

THRUSTER 

change  logic  of  THRUSTER 
o Negative  pitch/yaw 

hysteresis  switch  threshold 
o Used  in  THRUSTER  for  the 
normal  O.A.  mode  only 

22 

D2X 

c 

THRUSTER 

o Low  thrust  roll,  pitch,  yaw 

23 

D2Y 

c 

error  limit 

24 

D2Z 

c 

o Used  in  THRUSTER  when 
back-up  O.A.  commanded  or 
when  the  high  thruster  are 
disabled 

25 

D3X 

c 

THRUSTER 

© Positive  roll,  pitch,  yaw 

26 

D3Y 

c 

hysteresis  switch  threshold 

27 

D3Z 

c 

0 Used  in  THRESHOLD  for  the 

normal  O.A.  mode  onlv 

■ 

28 

OACX 

c 

THRUSTER 

0 Roll,  pitch,  and  yaw 

29 

OACY 

c 

back-up  O.A.  mode  control 

30 

OACZ 

c 

error  gains 

© Used  THRUSTER  for  backup 
O.A.  mode  only 

LSD -WPG -2 63 
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Using 

Entry 

Name 

VLM  Type 

Subroutine 

Description 

31 

NCOUNT 

C 

THRUSTER 

o 

Open  loop  firing  pattern 
array  Index  limit 

• 

Used  In  THRUSTER 

32 

ORBADJ 

V 

ORBADJ I 

Orbit  adjust  mode  commanded 
pulse  count 

G 

Used  in  the  O.A.  termination 
test  In  ORBADJI 

33 

ISAM  ■ 

C 

ORBADJ I 

9 

Solar  array  position  error 
limi  t 

G 

Used  in  the  O.A.  termination 
test  in  ORBADJI 

34 

TOAMX 

C 

ORBADJ I 

9 

Orbit  adjust  time  limit 

0 

Used  in  the  O.A.  termination 
test  in  ORBADJI 

35 

ESMX 

C 

ORBADJI 

0 

Orbit  adjust  roll/pitch  ESA 
error  limit 

9 

Used  in  the  O.A.  termination 
test  in  ORBADJI 

9 

Used  as  the  test  limit  for 
the  compensated  earth 
sensor  errors  EXE-E.KEBIAS 
and  EYE-EYEBIAS 

36 

lYSLWCMD 

V 

ORBADJI 

e 

Yaw  slew  enable  flag 
(0:DIS,  I;ENA) 

0 

Used  in  ORBADJI  to  enable 

the  offset  processing 
branch  of  EULERC 

37 

NYSLWCMD 

V 

ORBADJI 

e 

Yaw  slew  counter  initial 
value 

0 

Used  in  ORB/dDJI  to  transfer 
an  initial  value  of  the  slew 
time  to  NYSLEW.  (NYSLEW  ° 
initial  value  of  the  slew 
counter  in  EULERC) 

LSD-WPC-263 


B. 3-226 
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Using 

Entry  Name 

TLM  Type  Subroutine 

Description 

38  JYSLWCMD 


V ORBADJI 


« Yaw  slew  direction 
(+1:+YAW,  -1:-YaW) 

9 Used  in  ORBADJI  to  transfer 
the  slew  direction  to 
JYSLEW.  (JYSLEW  is  the 
direction  of  the  slew 
used  in  EULERC.  . 


e Solar  array  noon  position 


EXEBIAS 

EYEBIAS 


C ORBADJI 

C ORBADJI 


* Roll  and  pitch  earth  sensor 
bias 

o Used  in  the  O.A.  termination 
test  in  ORB/\DJI 


C ORBADJI 


o State  vector  SS2  reset  value 
0 Used  in  ORBADJI 


B. 3-227 
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Using 

Entry 

Name 

TLM 

Type 

Subroutine 

Description 

OBC 

stem  Table 

i?59  (Momentum 

Unloading 

Parameters) 

0 

MAGULD 

* 

F 

WHLUNLD 

o 

Magnetic  unloading  enabled 
flag 

Q 

Set  by  EACOMP  or  ORBADJl 
(on  reentry  to  MODE  A) 

d 

Used  by  WiLUNLD 

9 

0=DSBL  1-EUAB 

0 

Nominally  MAGULD=1 

.1 

lENUNL 

★ 

C 

WHLUNLD 

0 

Thruster  unloading  enable 
flag 

0 

Used  in  WHLUNLD.  If“0  the 
thruster  unload  branch 
will  be  bypassed 

9 

Sec“l  In  ESACQI  if  a one 
time  unload  is  desired 
at  separation 

2 

INIUNL 

★ 

C 

WKLUNLD 

e 

Thruster  unloading 
initialization  flag 

e 

Used  in  WHLUNLD 
(l=*initialize  thruster 

unloading) 

3 

I MO MU N 

* 

c 

WHLUNLD 

Q 

Momentum  unload  select  flag 

9 

1 — > unload  system  momentum 
— > unload  wheel  momentum 

0 

Set  in  ESrtCQI 

0 

Used  in  WHLUNLD 

r.-ilLW 

* 

c 

WHLCCMP 

9 

Failed  wheel  flag 

0 

Used  li^  WILCOMP  by  the  failed 
wheel  logic 

0 

Set  by  ground  command  only 

0 

=1 — > Roll  wheel  failed 
“2 — > Pitch  wheel  failed 
=»3-->  Yaw  wheel  failed 

\ 

“4 — > All  wheels  are  OK 

LSD-UTC-263 
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Using 

Entry 

Name 

TLM  Type 

Subroutine 

Description 

5 

KMX 

C 

WHLUNLD 

o 

Magnetic  unloading  gains 

6 

KMY 

C 

roll,  pitch,  yaw 

7 

KMZ 

C 

o 

Used  in  WHLUNLD 

8-13 

TRQLVL 

V 

WHLUNLD 

0 

Thruster  torque  array  R1 , 
PI,  Yl,  R2,  P2,  Y2 

0 

Used  by  WHLUNLD  to  determine 
the  available  thrust  for 
each  thrusters 

14 

ITPOS 

C 

WHLUt'ILD 

0 

Positive  and  negative  torque 

15 

ITNEG 

C 

0 

level  index 
Used  in  WHLUNLD 

16 

U^^.DTM 

C 

IfflLUNLD 

e 

Unloading  delay  timer 

0 

Used  in  WHLUNLD 

1 

17 

TIMING 

C 

WHLUNLD 

e 

1 

Delay  timer  increment  i 

o Used  in  UTLUNLD 


LSD-WPC-253 


Entry  Name 


TLM  Type 


OBC  System  Table  S60  (Stellar 


0 XK2  C 

1 YGFAl  C 

2 YGFA2  C 

3 YGF31  C 

4 SAQBU  C 
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B. 3.12. 5 Attitude  Control  (ACS)  Telemetry 

The  following  is  a tabulation  of  telemetry  parameters  available  from  the  ACS 
Processor  via  OBC  Telemetry  Reports  1 through  12.  The  report  tabulation 
contains: 

Entry  Number  - location  of  TLM  point  In  report  (this  is  offset  from 

report  entry  point) 


Name 


As  designated  by  softwaie 


Generating  Subroutine  -Processor  subroutine  which  calculates 

or  sets  software  telemetry  point. 

Description/Comment  - Explains  telemetry  point  provides 

other  details  of  TLM  points  use  and  meaning. 


For  more  detailed  information  such  as  scale,  units,  length  and  value  of  TLM 
point  see  SVS-10130  Landsat-D  Flight  Segment  Computer  Program  Design 
Specification. 


LSD-wi’C-253 
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Entry  Generating 

Number  Name  Subroutine  Description/Comment 


OBC  TLM 

Report  1 (ACS  01) 

0 

THET.AX 

GYROCOMP 

2 

TflETAY 

4 

THETAZ 

6 

DNGX 

GYROD 

9 

DNGY 

12 

1 

1 

I 

DNGZ 

15 

NGXF 

GYTIOFLTR 

13 

NGYF 

21 

NGZF 

o Angular  Increments  of  the 

spacecraft  X,  Y,  and  Z axes  since 
the  last  measurement  processed 
by  the  ACS  processor.  (.256  sec  If 
MODE  “7;  .512  sec  if  MODE  “'4) 

« THETAX,Y,Z  are  calculated  from 
filtered  gyro  data  with 
compensations  for  aisallgnmeat  and 
bias  errors  included. 

o Raw  gyro  difference  data  from 
GYROFLTR  of  the  gyro  data 
acquisition  processor  GYROD. 
o DNGX,Y,2  is  not  filtered  or 
compensated  for  misalignment  or 
bias  errors. 

o The.  GYROD  processor  is  called  each 
.06‘*  sec  and  inputs  the  contents  ! 
of  the  6 ITP  24  bit  gyro  data  i 

registers  and  stores  the  data  in  j 
NGXl,  NGX2,  NGYl,  NGY2  , NGZ2 , NGZ2.! 
DNGX,Y,Z  are  then  the  difference  j 
between  successive  readings  of  the  i 
selected  channels;  NGXl  or  NGX2  , j 
NGYl  or  NCY2,  NGZl  or  NGZ2 . j 

j 

» Total  gyro  angular  data  input  each  j 
.064  sec  from  the  ITP.  (The  3 
selected  channels  only)  ; 

e The  data  is  filtered  by  the  2 ! 

stage  filter  of  GYROFLTR  unless;  ; 
MODE  ■=>  7,  or  TilRUST  - 1 , or 
MODE  = 1 and  SMODEl  = 0;but  the  | 
data  is  not  compensated  for 
uii sal Ignme nt  or  bias  errors, 
o 'iG(X,Y,Z)F  are  the  product  of 
GYROFLTR  of  the  GYROD  proces.sor. 

The  sp.acccraft  control  proces.sor 


LSD-WPC-263 
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Entry 

Generating 

Number 

Name 

Subroutine 

Description/Comment 

(SCP)  Chen  inputs  these  data  to 
calculate  the  gyro  difference 
data.  (GYDIF(T.)“NG(I)F-NG(I)H, 
where  NGC1)F  is  the  past  reading 
of  NG(I)F  and  I » X,Y,Z.  The  SCP 
processor  is  called  each  .256 
sec  and  if  M0DE=4 , the  ACS  - 
processor  is  called  each  .512 
sec.  Under  these  conditions 
(GYOIF(I))  is  calculated  every 
other  calling  of  the  SCP. 


OBC  TL.M  Report  2 (ACS  02) 


GYROCOMP  ® Angular  displacement  of  the 

spacecraft  X,Y,Z  axes  compensated 
for  misalignment  but  not  bias 
errors . 

o WGX,Y,Z  is  the  result  of  an  inter- 
mittent calculation  in  GYROCOMP.  i 


GYROCOMP 


ATTERR 


» X,Y,Z  components  of  the  spacecraft 
angular  velocity  vector. 

o WX,Y,Z  are  the  final  result  of 
GYUOCOMP  calculated  from  filtered 
gyro  data  and  compensated  for 
misalignment  and  bias  errors. 

e X,Y,Z  component  of  the  atcitude 
error  vector  calculated  from 
filtered  gyro  data  with  misalign- 
ment compensation  and  bias  errors 
i ncludod . 

o EX,Y,Z  are  calculated  from  the 
error  quaternion  components  Cl,  C2 
C3  using  Liie  small  angle 
approxi ma  t Ion 

Ex=-:*ci»-2*  *siN(  e/2)~  e 
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Entry 

Generating 

Number 

Name 

Subroutine 

Description/Comment 

1 

EX,Y,Z  are  then  the  angles  from 
the  mission  frame  to  the  body 

axes » 

1 

12 

EPAl 

EULER  I 

0 

Euler  parameters  which  represent 

15 

EPA2 

the  rotation  from  ECI  to  the 

18 

EPA3 

spacecraft  body  axis  as  determined 

21 

EPA4 

by  propagating  filtered  gyro 
data.  (Reference  Quaternion) 

24 

NHT 

THRUSTER 

o 

NHT  is  the  open  loop  command  array 
index  for  orbit  adjust  thruster 
firing. 

0 

NHT  is  initialized  to  0 in  ORBADJI, 
incremented  and  reset  in  THRUSTER. 

OBC 

Report  3 (ACS  03) 

0 

EPDl 

. EULERC 

Q 

Euler  parameters  which  represent  j 

2 

EPD2 

the  rotation  from  ECI  coordinates  j 

4 

EPD3 

to  the  desired  pointing  target. 

6 

EPD4 

O 

(Target  Quaternion  or  Mission 
Reference  Eramo) 

The  earth  pointing  target  is 
dependent  on  orbit  position. 
EULERC  uses  the  flight  segment 
position  and  velocity  vectors 
calculated  by  the  EPHtCl 

processor  to  build  the  target  ! 

D1,D2  .03,04.  EULERC  aligns  the  ] 

target  +2  axis  along  -R  and  the 
target  X axis  along  the  X- 
componcnt  of  V whore  R and  V are 
the  F.S.  position  and  velocity 

1 

vectors- 

t 

! 3 

EPCl 

ATTERR 

O 

r.uier  paracecers  wnich  ropresenc  » 

1 H 

EPC2 

the  r-'>tation  from  the  vehicle  axes 

I 14 

E?C3 

to  ch  .argot  axes.  (ERROR 

i 17 

1 

EPC4 

L r*  IC N ) 

LSO-UTC-263 
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Entry 

Generating 

Number 

Name 

Subroutine 

Description/Comsent 

20 

ELK 

WHLCOHP 

X and  Y components  of  the 

22 

ElY 

• 

integrated  attitude  error 
calculated  from  filtered, 
compensated  gyro  data. 

EIX,Y  are  developed  in  WHLCOMP 
using  data  from  the  present  and 
past  cycles  to  smooth  the  wheel 
commands • 

24 

■lACCMD 

THRUSTER 

1X6  Thruster  command  array 

0 

Bit  definition  1 = ON,  0 =■  OFF. 

Bit  1 +Roll 
Bit  2 -Roll 
Bit  3 +Pltch 
Bit  4 -Pitch 
Bit  5 +Yaw 
Bit  6 -Yaw 

o 

If  the  ACS  is  In  the  orbit  adjust 
mode  (MODE  =•  7)  and  no  attitude 
thrusting  is  called  for,  then  j 

Bits  3, 4, 5, 6 of  lACCMD  imply: 

0000 >pulse  ail  4 Orbit  Adjust  I 

thrusters  1 

0010 >off  pulse  Orbit  Adjust 

thruster  •?!  for  +Y 
torque 

0100 >off  pulse  Orbit  Adjust 

thruster  S4  for  -P 
torque 

03C  TLM 

Report  4 (ACS  04) 

; 

: 

0 

EIZ 

WHLCOMP 

o 

. 1 

Z component  of  the  attitude  error 
single  integral 

e 

See  03C  TLM  Report  3 '(20-22) 

2 

ED  IX 

VHLCOMP 

o 

1 

X,Y,Z  components  of  the  double 

4 ■ 

EDIY 

integrated  a 1 1 i tude  errors 

! ° 

1 

I 

EDIZ 

calculated  from  filtered, 
compensated  gyro  data- 

LSD-'^?C-2&3 


B 
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Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

8 

TWX 

WHLCOMP 

o EDLX.Y.Z  are  developed  in  WHLCOMP 
to  smooth  the  wheel  commands  by 
considering  errors  from  the 
past  and  past-past 
cycles. 

© TWX,Y,Z  are  the  wheel  commands 

10 

TWY 

output  by  WHLCOMP 

12 

TWZ 

©If  MODE  =»  4 the  wheel  commands  are 

14 

WEX 

WHLCOMP 

driven  by  filtered  compensated 
gyro  data  and  smoothed  by  a double 
integral  "smoother"  which  operates 
on  the  error  signals  EX,Y,Z 

0 If  MODE  = 1,2,3  or  4 witn  ICAL<3 
Che  wheel  commands  are  driven  by 
earth  sensor  signals  for  roll  and 
pitch  with  gyro  compassing  for 
yaw . 

0 MagniCometers  and/or  gyros  may 
drive  TWX,Y,Z  during  backup 
acquisition  mode. 

© Spacecraft  angular  rate  errors. 

15 

WEY 

WEX  = WX  - WXC  where  WX  is  the 

16 

WEZ 

measured  rate  and  WXC  is  the 

17 

TTX 

THRUSTER 

commanded  rate. 

o Roll,  pitch  and  yaw  total  error 

18 

TTY 

(Pos  + Rate) 

19 

TTZ 

0 Calculated  in  Mode  7 by  THRUSTER 

20 

BIASY 

THRUSTER 

0 Pitch  and  yaw  position  error 

22 

BIAZ 

biases  used  only  for  Mode  7 

24 

SKEW 

SKEWED 

o SKEW  wheel  out  of  limits  flag. 

. 

, 

0 If  the  skew  wheel  is  out  of  limits 
FDC  is  then  disabled. 

LSD-WC-263 
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Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

OBC  TLM  Report 

5 (ACS  05) 

0 

NOAPLS 

THRUSTER 

o Orbit  adjust  time  counter 

(counts  milliseconds  of  thruster 
firing) 

o Initialised  to  0 and  then  tested 
each  cycle  as  a node  7 termination 
condition  by  ORBADJI. 
a Incremented  by  THRUSTER  and 
records  the  total  number  of 
thruster  milliseconds  of 
firing. 

2 

EX' 1C 

ESPROC 

o Coarse  and  fine  earth  sensor  error 

3 

EYIC 

signals  compensated  for  known 

4 

EX2C 

offsets 

5 

EY2C 

e EXIC  etc  are  the  product  of 

6 

EX  IE 

ESPROC  used  to  calculate  EXE  and. 

7 

EYIF 

EYE 

8 

EX2F 

9 

EY2F 

11 

DELTNA 

WHLCOMP 

e TDRS  antenna  azimuth  and  elevation 

12 

DELTNE 

acceleration 

0 DELTHA.E  are  calculated  by  WHLCOMP 
and  used  to  calculate  roll,  pitch, 
and  yaw  torques  PI,  P2  and  P3 
which  are  added  to  the  wheel 
comma.nds  when  M0DE=4  and  ICAL=3. 

13 

ITKUNLX 

WILUNLD 

o X,Y,  and  Z pulse  counters  for 

;4 

ITKUNLY 

thruster  unloading 

15 

ITilUNLZ 

0 Used  in  IvHLUNLD 

16 

XP 

FSSCAL 

0 FSS  roll  and  pitch  error.s 

13 

YP 

compensated  for  all  known  sensor 

1 

errors 

i 

j 

p XP  and  YP  are  calculated  in  FSSCAL 

LSD-w-PC-SfO 
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Number 

Name 

Generating 

Subroutine 

Descriptlon/Comment 

20 

21 

TWS 

WHLCOMP 

« Skew  wheel  command 

23 

TAMSTA 

EACOMP 

o Three  Axis  Magnitometers  in  use 
Flag. 

e Set  in  EACOMP  if  Magnetic  tracking 
(Stage  1 of  Back-up  Earth 
Acquisition  Mode)  is  entered  and 
reset  to  0 when  Magnetic 
tracking  is  shut  off.  (Stage  2) 

24 

■ 

■ 

OBC  TLM 

MTlJlFLAG 

Renort  6 (ACS  06) 

MTRAFD 

a Channel  A motor  current  out 
of  limits  flag. 

o The  Channel  A motor  current  is 
checked  once  per  Major,  frame 
If  out  of  limits  MTKAFLAG  is 
set  to  1. 

© Used  in  ACQFD  and  NORMFD  to 
present  the  use  of  gyro  axis 
Y1  if  channel  A is  suspect. 

■ ■ ■ 

0 

SYSMOX 

ESACqi 

© System  nomentum  X,  Y + orbit  rate. 

1 

SYSPL 

© Calculated  in  ESACQI  during  modes 

2 

SYSMOZ 

1 and  2 to  allow  a 1 time  thruster 
unload  of  momentum  which  may  be 
Imparted  to  the  vehicle  upon 
separation 

5 

ELXIL 

^^TILACQ 

o Limited  roll,  pitch,  yaw  wheel 

7 

FLYIL 

commands  once  filtered 

9 

ELZIL 

o Calculated  in  WVU_\CQ  when 
MODE  =■  1.2,3  or  4 with  IC.VLO. 

6 

TWXC 

IvHLCOM? 

9 Roll,  pitch,  yaw  wheel  commands 

3 

filtered  twice 

10 

r^zc 

e TW(X,Y,.Z)C  are  equal  to  TW(X,Y,Z) 
if  the  commands  are  unchanged 

LSD-U7C-2&3 
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Generating 

Numbe  r 

Name 

Subroutine 

Descrlptlon/Conment 

by  the  failed  wheel  logic 
of  WHLCOMP 

11 

FDCIPR 

MODEFD 

e 

Yaw  and  Pltch/Roll  FDC  enable 
flag 

12 

FDCIY 

• 

Set  In  MODF.FD  and  used 
in  NOR.MFD  and  ACQFD  to  control  the 
automatic  enabling  and  disabling  i 

of  the  FDC  logic.  j 

13 

FDCIPRF 

• 

Yaw  and  Pltch/Roll  FDC  fall  j 

flag  ! 

14 

FDCIYF 

e 

Set  by  ground  command  to  disable  j 

FDC 

0 

Set  by  the  RTS  which  commands  safe 
hold  after  an  FDC  failure 

e 

If  eltlier  flag  Is  sec  to  1 the 
corresponding  FDC  logic  can  only 
be  reenabled  from  the  ground.  i 

15 

FDC2PK 

GYROMSKD 

a 

i 

V.iw  .and  Pltch/Roll  Gyro  FDC  \ 

enable  flags  i 

16 

FDC2Y 

0 

Set  In  GYROMSFD  .and  uned  < n | 

MODEFD  Co  control  Che  f-  . .if 
GYROFD  or  ACQFD  If  MOL.'.  '.  I. 

17 

F0C2PRF 

GYROFD 

o 

Yaw  and  Pltch/Roll  Gyro  FDC 
f a 1 1 f 1 a g s 

13 

FDC2YF 

e 

Used  In  GYROFD  to  bypass 
processing  after  die  first 
f.il  lure 

o 

Sot  In  CYROFD  upon  a first 

failure 

19 

XRATDIL 

CYROFD 

0 

Roll  I RU  rate  dllemm.!  flag 

t 

9 

Set  CO  1 If  the  R1  and  R2  gyriis 
do  not  agree  and  HI  Is  the 

higher  of  ’he  two. 

i.svi-uTC-:fO 


B 


SVS-10266 
Appendix  B 
31  December  1981 


. Encry 
Number 

Name 

Generating 

Subroutine 

Description/ComnKnt 

20 

YRATDIL 

GYROFD 

« Pitch  IRU  rate  dilemma  flag 
e Set  to  1 if;  the  PI  and  P2  gyros 
do  not  agree  and  PI  is  the 
higher  of  the  two. 

22 

FSTATEl 

NORMFD 

» Pitch  and  Roll  failure  State 

23 

FSTATE2 

for  Normal  FDC 

» FSTATEl  and  FSTATE2  each  define 
one  normal  state  000  or  1 of  7 
possible  failure  states.  See 
Section  TB.D,  Normal  Mode  FDC. 

11^ 

03C  TLM 

SAJE..ST 

Report  7 (ACS  07) 

FDC  Safehold 
Interlock 
Module 
iName  TBD) 

a Safehold  FDC  Initialization 
flag 

e Initialized  to  (TBD)  then  reset 
to  (X?D)  after  the  1st 
execution  of  the  module 

0 

PI 

WIiLCOMP 

o Spacecraft  axes  components  of  the 

1 

P2 

TDRS  antenna  pointing  commands 

2 

P3 

DELTNA  and  DELTNE 

■«  PI, 2, 3 are  calculated  in  WHLCOMP 
for  MODE  = 4 only.  These  torques 
are  then  added  to  the  wheel 
commands  TW(X,Y,Z)C. 

3 

WXC 

EULERC 

0 X,Y,Z  components  of  the  commanded 

4 

'*A'C 

vehicle  rate  vector.  Calculated 

5 

W’2C 

in  EULERC  the  nominal  values  are: 
w:<c  “ 0,  WYC  » WO,  wzc  •=  o 
a If  offset  pointing  is  commanded 
W(X,Y,Z)C  take  new  values 
calculated  in  the  offset  pointing 
branch  of  EULERC 

o Used  in  WHLCOMP  during  normal  mode 

1 

4 operation  only 

LSD-':.7C-2f)3 
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Entry 

Generating 

Number 

Name 

Subroutine 

Descriptlon/Conment 

6 

PX 

THRUSTER 

0 

Roll,  pitch  and  yaw  orbit  adjust 

7 

PY 

mode  attitude  error  control 
signals 

8 

P2 

« 

PX,Y,Z  are  dependent  on  position 
and  rate  error 

0 

PX,Y,Z  undergo  3 sample  smoothing 
and  are  compensated  by  the  - 
biases  B1AS(X,Y,2) 

11 

TAGS 

MINIT 

e 

ACS/Orblt  Adjust  time  counter 

ORBADJI 

• 

TAGS  is  incremented  each  ACS 
cycle  in  MINIT 

e 

TAGS  is  reset  to  0 on  entry  to 
MODE  7 by  ORB.ADJI. 

13 

WGDXl 

GYROFD 

9 

Gyro  XI, X2,Y1,Y2,Z1,Z2  rates 

15 

WGDX2 

O 

Used  in  GYROFD  in  the  tests 

17 

WGDYl 

which  compare  gyro  outputs 

19 

WGDY2 

21 

WGDZl 

23 

WGDZ2 

OBC  TLM  Report 

8 (ACS  08) 

0 

MODE 

• 

ACS  mode  of  operation 

1 » N/VDIR  ACQ 

2 “ ORBIT  PLANE  ACQ 

3 > STELLAR  ACQ 

4 = EARTH  POINTING 
7 = ORBIT  ADJUST 

1 

XPOSDIL 

ACQFD 

e 

Roll  position  dilemma  flag 

0 

Sot  to  1 when  the  F.SA's  do  not 
agree  and  EX2C  is  out  of  limits 
and  EXIC  Is  In  limits.  Safehold 
1-1  or  1-0  will  be  entered. 

1 

i 

9 

Set  to  2 when  the  ESA's  are  both 
out  of  limits  and  don't  agree.  Mo 
safehold  will  be  entered. 

■ 

• 

LSD-UTC-263 
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Numbe  r 

Name 

Generating 

Subroutine 

Description/Comment 

~1 

2 

YPOSDIL 

ACQFD 

a Pitch  position  dilemma  flag 
» Set  to  1 if  the  ESA's  do  not 

agree 

and  ESA2  is  out  of  Imits  but 
is  OK.  Safehold  1-2  will  be 
entered. 

ESA  1 

c Set  to  2 if  the  ESA's  do  not 

agree 

and  both  ESA's  are  out  of  lltalts.  1 

1 

3 

SM0DE3 

STELACQI 

s Stellar  acq  submode  flag 

i 

S>50DE4 


ESACNT 


EPOINT 


EACOMP2 


MAOULD 


:acomp 


• Used  in  STELACQ 

0 “ ECI  reference  Is  not  yet 
initialized,  the  mode  is  still 
stage  1 . 

1 = The  reference 
quaternion  has  been 
initialized  by  ECIUPD  and 
Stage  2 has  begun.  Stage 
1 acquisition  calls 
ECIUPD  to  initialize  the 
reference  quaternion  using 
derived  earth  and  sun 
vector.  Stage  2 
acquisition  is  attitude 
convergence  using  the  UPDATE 
FILTER  processor 

o Earth  pointing  submode  flag  set 
to  1 ">  Earth  Pointing 

e ESA  acquisition  failure  counter 
o ESAGIT  counts  the  5 cylce  delay 
before  entry  to  inagnetic  tracking 
if  neither  earth  sensor  has  earth 
presence  during  the  1st  rev. 

o Magnetic  unloading  enabled  flag 
o Set  by  EACOMP  or  ORBADJI  (on 
reentry  to  MODE  4) 

0 Used  by  VHLU.’iLD 
e 0 = DSBL  1 =■  EN'AB 
'.•oninally  MACIJLD  = 1 


LSD-WPC-263 


0?'  POOR 


SVS-10266 
Appendix  B 
31  December  1981 


Entry 
Numbe  r 

Nome 
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Subroutine 

Desert pc ion/Comment 

7 

FLTROFF 

GROUilD 

© Prefilter  ON/OFF  control  flag 
» Sec  by  ground  only 
0 Used  in  GYROFLTR  of  the  GYROO 
processor  to  disable  the  IRU 
prefilter 

0 1 " bypass  IRU  prefllter 

8 

ESASTA 

ESPROC 

0 ESA  signal  status 
8 ESASTA  flags  which  ESA  data 
(1  flags  ESAl  and  2 flags  ESA2) 
is  used  to  generate  the  earth 
sensor  control  errors  EXE  and 
EYE 

9 

M0DE4I 

STELACQI 

0 Earth  pointing  Initialiie  flag 
• Set  In  STELACQI  upon  completion  of 

Stage  1 acquisition 

10 

TIMUNLX 

WiiLUtiLD 

© X,Y,Z  unload  timer 

11 

TIMUNLY 

• When  thruster  unloading  is 
enabled,  TIMUWUX,Y,Z  count 
milliseconds  between  X,  Y and  Z 
thruster  pulses.  Thrusting  is 
controlled  to  occur  once  each 
UNLDTM  seconds.  (Delay  ~120  sec). 

12 

M0DE3I 

B MODE  3 initialization  flag 

Upon  the  successful  completion  of 
orbit  plane  acquisition  (MODE  2) 
the  ground  must  command  MODE  = 3 
and  M0DE31  = l to  allow  control 
t')  pass  Co  mode  3.  Control  will 
then  pass  automatically  through 
STACEl  acquisition  to 
MODE  4 . Therefore  the 
attitude  sensors  must  all  be 
operating  properly  before  the 
ground  proceeds  to  mode  3. 
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Generating 

Number 

Name 

Subroutine 

Description/Comment 

13 

ECIATT 

ECIUPD 

o 

Stage  1 complete  flag 

9 

Used  by  STELACQI 

>0  “ control  hcs  passed  to  Stage  2 

acquisition  . 

“1  “ normal  ECI  initialization 

(earth  and  sun  vector) 

“2  “ backup  ECI  initialization 

(used  ground  commanded  values) 

U 

MODEir 

ESACQI 

0 

Mode  1 initialization  flag 

O 

Set  to  0 in  ESACQI  after  the 
initialization  of  MODE  1 thus  pre- 
venting reinitialization.  To  re-, 
initialize  after  the  1st  rev  the 
ground  must  set  MODE  =•  1 and 
MODEII  " 1 as  well  as  reevaluate 
TMTSTl  and  TMTST2 . 

15 

EPHEMKLG 

GROUND 

e 

Ephemerls  source  flag 
0 =»  CPS  1 ” Ground  Data 

Q 

Used  in  EULERC 

16 

FAILW 

GROUND 

9 

Failed  wheel  flag 

e 

Used  in  WHLCOMP  by  the  failed 
wheel  logic 

0 

Sec  by  ground  command  only 
“1  “ roll  wheel  failed 
“2  “■  pitch  wheel  failed 
“3  “ yaw  wheel  failed 
“4  “ all  wheels  are  OK 

17 

IC,VL 

0 

Acqulsltion/earth  pointing  flag 

9 

Set  to  0 by  STELACQI  on  Inltiall- 
Izatlon  of  mode  3 

9 

Sot  to  1 by  STELACQI  on  completion 
of  Stage  I acquisition 

0 

Sec  to  2 by  EPOINTl  on  coraplotlon 
of  Stage  2 acquisition 

1 

0 

Set  to.  3 by  ground  command  to 
enable  Che  normal  branch  of 
unU-COMP 

■ 
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Generating 

Number 

Name 

Subroutine 

Description/Coament 

s Used  by  WHLCOliP 

18 

NGXOVFX 

o Roll/Pltch  Gyro  overflow 

19 

NGYOVFL 

processing  counter 

20 

TIMUNLZ 

a When  thruster  unloading  is  * 

enabled,  TIIOJNLX.Y.Z  count 
milliseconds  between  X,Y,Z 
pulses.  Thrusting  is 
controlled  to  occur  each 
UNXDTM  seconds.  (Delay  “120  sec). 

21 

SUtfPRS 

FSSCAL 

• Sun  presence  in  FSS  FOV  flag 
0 = No  Sun  1 “ Sun 
4>  Used  by  ECIUPD 

22 

IRUSTA 

EACOMPl 

6 IRU  Initialization  flag 
» Reset  to  0 in  EAC0.'’(P  1 to  flag 
IRUs  not  in  use 
© Sec  to  1 

23 

JTHSW 

0 Thruster  switch  timer 

Initialization  flag 
o Used  to  enable  thrusters  for  a one 
shot  firing  to  kill  initial  rates 
which  may  be  acquired  upon 
separation 

o Set  to  0 by  mode  I initialization. 
If  there  are  no  thruster  firings 
JTHSW  will  remain  0.  If  firings 
do  occur  at  separation  JTHSW 
will  be  set  to  I and  remain 
equal  to  1.  The  thrvisters 
will  fire  a number  of  times 
specified  by  D.HUMLD  and  then 
shut  off  independent  of 
spacecraft  rates. 

j 

I 

I 

i 
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Number 
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Subroutine 

Description/Comment 

OBC  TLM 

Report  9 (ACS  09) 

0 

lENUNL 

ESACqi 

e 

Thruster  unloading  enable  flag 

0 

Used  in  WHLUNLD.  If  - 0 the 
thruster  unload  branch  will  be 
bypassed 

o 

Sec  " 1 in  ESACQI  if  a one  time 
unload  Is  desired  at  separation 

1 

•INIUNL 

o 

Thruster  unloading  initialization 
flag 

1 =»  Enable  <>1  ■”  Disable 

Q 

Used  in  WHLUNLD  to 

initialize  the  thruster  unload 

branch 

3 

M0DE2C 

EACOMPI/2 

0 

Node  2 complete  flag 

0 

Sec  to  1 in  EACOHPl  when  mode  2 
tests  pass 

0 

Set  to  0 in  EACOHPl  if  mode  2 
tests  fail 

9 

Set  to  0 in  EAC0MF2  if  EAC0HP2  is 
entered 

4 

IHTBMD 

GROUND 

0 

Backup  orbit  adjust  mode  flag 

0 

Controlled  by  ground  command 

9 

Used  by  THRUSTER  and  ORBADJI  to 
choose  normal  or  backup  orbit 
adjust  mode 

5 

DISPAS 

THRUSTER 

0 

First  pass  flag  for  orbit  adjust 
thruster  OFF 

1 = 1st  thruster  off  pass 
0 = Not  1st  thruster  off  pass 

0 

Initialized  in  ORBADJI 

6 

EN’APAS 

THRUSTER 

0 

First  pass  flag  for  orbit  adjust 
thruster  ON 

1 = 1st  thruster  ON  pass 

0 ~ Mot  1st  tjiruster  ON  pass 

. 
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1 Number 
! 

Name 

Generating 

Subroutine 

Descrlption/Comment 

7 

8 

IHTY 

IHTZ 

THRUSTER 

» Computed  hysteresis  flags  for 
pitch  and  yaw 

e IHTY.Z  flag  higii  pitch,  yaw  errors 
when  MODE  =•  7 

1C 

11 

12 

IGYX 

IGYV 

ICYZ 

GYROFDC 

« X,Y,2  gyro  channel  selection  flags 
» Used  in  GYROCO^Lt' 

9 Set  by  ground  command  or  gyro 
failure  detection  correction 

13 

SENSTA 

SCP 

0 Gyro  high  - low  rate  flag 
o Used  by  G'lROCOHP 
9 Set  by  the  status  of  the  gyro 

14 

1 

! 

OFFSET 

ORBADJI 

0 Offset  pointing  flag 
• 1 “ enter  the  offset  pointing 
branch  of  EULERC 

e Set  to  1 by  ground  command  or  by 
ORBADJI  if  lYSLWCMD  “ 1 
0 Set  to  0 by  ground  only 

16 

ESASEL 

FDC 

» ESA  select  flag 

o Select  ESAl  or  ESA2  as  the  first 
choice  for  the  EXE  and  EYE  data 
source 

0 Used  by  ESPROC 
o Set  by  ground  command  or  FDC 

17 

18 
19 

EU< 
EI.Y 
. ELZ 

V.31LACQ 

o Roll,  Pitch,  Yaw  limited  error 
signal 

0 Used  in  WHLrXCQ  for  acquisition 

mode  control  error  i 

23 

, 

' 

IMOMUN 

ESACQl 

0 Momentum  unload  select  flag 
1 =*  unload  system  momentum 
” unload  wheel  momentum 
9 Used  by  IDILUNLD 

24 

MAG REF 

EACOM? 

0 Magnetic  field  reference  flag 
0 Initialized  to  0 MACREF  Is  set  to 
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Generating 

Niuaber 

Name 

Subrou  tine 

Descrlptlon/Connsnt 

1 when  the  spacecraft  1st 
reaches  Che  aiagnetlc 

reference  and  then  recains 
1 . 

25 

ITHSW 

ESACQI 

e 

Thruster  controller  for  earth 
acquisition  switch 

0 

Thrusters  will  be  disabled  for 
a one  shot  unload  If  ITHSVV=1 

Report  10  (ACS 

10) 

0 

THETBX 

GROUND  or 

0 

X,Y,Z  coaponencs  of  the  gyro  bias 

2 

THETBY 

UFLTR 

vector 

4 

THET3Z 

0 

Calculated  by  the  update  filter  or 
uplinked  fron  the  ground 

0 

Used  in  GYROCOMP . THETBX, Y,Z 
correspond  to  spacecraft  axes,  not 

gyro  axes 

6 

HWX 

WHLTAC 

e 

SRW  X,Y,Z  skew  nomentutn 

7 

, H'«TV 

8 

HWZ 

9 

ilWS 

10 

MX 

WHl,U!>T,D 

e 

Magnetic  torquer  coacjands  to 

1 1 

MY 

unload  SRW's 

12 

MZ 

13 

BX 

MA.GllET 

9 

X,Y,Z  coaponencs  of  Earth's 

14 

,3  V 

aagnetic  field  ve'  .or  con,  uter  in 

15 

1 

3Z 

body  axes 

16 

S ELMAG 

GROUND 

9 

Magnetoaeter  select  flag 
1 = TAM  1 2 = IVvM  2 

1 

( 

0 

Used  in  M..\GiniT 

! 17 

D HU  MIDI 

UIJLUNLD 

9 

Roll-Pitch-Vaw  noaentun  to  be 

■ 13 

DUUXLDZ 

ESACQI 

reao'.’ed  by  thrusters 

' 19 

DHL'?1LD3 

9 

Sot  to  either  C2Po  or  SYSMOX, 
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Entry 

Number 


Generating 

Subroutine 


Description/Comment 


EACQMP 

WHLACQ 


5fflLACQ 


OBC  TLM  Report  jj,  (ACS  11) 
See  SCP  Section  B.3.7.5 


SYSPL,  SYSMOZ  during  the  1 shot 
unload  enable  period.  Set  to 
C2P0  after  the  allowable  time 
time  for  the  one  shot  has 
elapsed 

e RolI-i?itch-Ya«’  IR.U  position" 
registers 

© Initialized  by  EACOMP  when  the 
spacecraft  reaches  the  magnetic 
reference  to  the  magnetic  field 
errors . 

e Used  in  WHUvCQ  if  IRUs  are  in 
use.  If  IRUs  are  not  in  use 
these  Registers  will  not  be 
updated. 

® Roll-Pitch  magnitometer 
position  signal 


SWT CHI 


EACOMP 


SWTCHY 


EACOMP 


swrcHz 


EACOMP 


o Sensor  selection  for  roll-pitch 
position  control  for  acquisition 
modes 

o Set  in  EACOMP,  EACOMPl  or  EAC0MP2 
and  used  In  WHLACQ 

e Pitch  orbrate  bias  enable  for 
acquisition  modes 
© 1-DSBL  2=ENA3 
o Set  in  EACOMP,  EACOMPl  or 
EAC0MP2  and  used  in  WHLACQ 

o Yaw  position  selection  for 
acquisition  modes 
o l=Single  rate  stabilization 
2=Gyrocompassing 
3=IRU 


B. 3-249 
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Entry 

Generating 

Number 

Name 

Subroutine 

Deseviption/Comment 

18 


19 


SYSKOY 


ITPFAIL 


20 


SIIFAIL 


21 


ITTIST 


0,t,12. 18 
2,8,14,20 
4,10,16,22 


CNGX 

CNGY 

CNGZ 


ESACQt 


FDCITP  Hangup 
Protection 
Module 
(Name  TBD) 


Safenold 
Interlock 
Module 
(Name  TBD) 


OBC  TLM  Report  12  (ACS  12) 


GYROCOMP 


ACS  Report  U (ORC  )?13) 

0 TACSSP  GYROMSFD 


a Set  In  EACOMP,  EACOMPl  or 
EACOMP2  and  used  In  WHLACQ 

o Pitch  system  momentum 
• Used  in  the  calculation  of  thruster] 
unload  commands  if  a one  shot 
unload  1a  executed 

o ACE  ITP  failure  flag 
o ITI’F/VIL  ip  initialized  to  0 then 
Incremented  if  an  ITP  hang  up 
is  detected.  When  ITPF/UL°5 
Send  safchold  1-1  and  disable 
FDC. 


o Safehold  Mode  failure  flag 
o Initialized  to  0 then 

incremented  when  either  macs 
in  safehold 

o Disables  FDC  when  SHFAIL»3 


is 


FDC  ITP  hangup 
Protection 
Module 
(Name  TBD) 


IPT  FDC  tultiallzation 
flag 


Gyro  data  filtered  by  GYROD  but 
not  compensated  for  misalignment 
or  bias  errors 

Sample  time  is  from  previous 
major  frame  +36,548,1060  and 
1572  msec 


© 2 separation  switch  times 
G Incremented  in  GYROMSFD  TACSSP 


LSD-Wl'C-263 
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Entry 

Generating 

, Number 

Nome 

Subroutine 

Descrlptlon/Commont 

SDSEPKLG 


SDTECT 


la  uaod  in  MODEFD  to  time 
separation  plus  30  sec  at 
which  time  the  one  shot 
unload  capability  is 
disabled  and  Acq  FDC 
replaces  gyro  FDC. 

• Two  separation  switches  open 
flag 

e Set  In  SDTECT  when  both 

separation  switches  are  open 
e Used  in  CYROHSFD  to  start  the 
TALSrP  counter 


SDFUNCT 


SOLARD 


ACQ I ST 


ACQFD 


FIKEP 


ACQFD 


e Solar  array  deploy  complete 

o Used  in  MODEFD,  Acquisition  FDC 
cannot  be  enabled  until  the 
solar  array  is  deployed 

e Acquisition  FDC  Pitch-Roll 
ini  tin  1 Ira t ion  flag 
o Used  in  ACQFD  to  reset  the  gyro 
selection  flags  to  R2-P2-Y2 
® Initialized  to  0 then  aet  to  I 
on  the  first  pass  through 
ACQFD 

o Acquisition  mode  earth  presence 
failure  state  flag 
o State  definitions 

0-Ilotli  ESAs  have  earth  presence 
l“ESAl  does  not  have  earth 
presence 

2"ESA2  does  not  have  earth 
presence 

3"Nelther  KSAs  have  earth 
prese\ice 


t,Sn-UTC-263 


D. 3-25 1 


1 
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Entry 

Generating 

Number 

*!ame 

Subroutine 

Descrlptlon/Comment 

5 

EPCNT 

ACQFD 

e 

Acquisition  mode  earth  presence 
failure  state  counter 

o 

EPCNT  Implamonts  the  5 cycle 
delay  which  assures  a failure 
is  present  for  5 cycles 
before  action  Is  taken. 

6 

ACQRIl) 

RIUSWTCH 

e 

RID  switching  flag 

0 

Used  to  flag  whether  both  RIUs 
have  or  have  not  been  used  and 
therefore  dissallow  or  allow  an 
RIU  switch  as  a result  of  FDC. 
(Either  Acq.  FDC  or  Normal  FDC) 

7 

PFDCF.P 

ACQFD 

d 

The  previous  value  of  the 
Acquisition  mode  earth  presence 
failure  state  flag 

9 

FPITCH 

ACQFDC 

e 

ESAl  or  2 pitch  failure 

n’ONT 


ACQKDC 


state 

© Used  in  Acquisition  mode  FDO  only 
o State  definitions 
0“No  Failuros 
1“ESA1  pitch  failure 
2“ESA2  pitch  failure 
5“ESAl  and  ESA2  pitch  failures 

o "SAl  and  ESA2  pitch  failure 
state  counter 

o Used  In  Acquisition  mode  only 
9 Implements  a 5 cycle  delay 
before  FDC  action  Is  taken 


10 


1 1 


I’FinTai 

KROLL 


ACQFDC 

ACQEllLL 


© Past  value  of  FPITCll 

o KSAl  and  2 roll  failure  state 
flag 

e Used  In  Acqxilsltlon  mode  only 
o State  lioflnltlon 


I 


B. 


LSO-WPC-2h3 
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Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

0”No  failure 
1”ESA1  roil  failure 
2“ESA2  roll  failure 
3»ESA1  and  2 roll. failure 

12 

FRONT 

ACQFDLL 

0 ESAl  andESA2  roll  failure 
state  counter 

® Used  in  Acquisition  mode  only 
0 Implements  a 5 cycle  delay 
before  FDC  action  Is  taken 

13 

PFROLL2 

ACQFDLL 

0 Past  value  of  FROLL 

14 

ACQFDl 

ACQFDP 

o Acquisition  FDC  yaw 
initialization  flag 
e Used  to  reset  the  gyro  flag 
IGYZ“1  to  use  the  Y2  gyro 
e Set  to  0 by  ground  inltializaticn 
then  reset  to  1 on  the  first 
module  execution 

15 

WGXKl 

NORMFD 

o Roll  rate  failure  counter 
o Used  in  the  Normal  mode  yaw  FDC 
to  implement  a 5 cycle  delay 
before  any  FDC  action  is  taken. 

16 

WGZKl 

ACQFDS 

0 Yaw  rate  failure  counter 
» Used  in  the  acquisition  mode  yaw 
FDC  to  implement  a 5 cycle  delay 
before  any  FDC  action  is  taken 

17 

SWTCHIM 

MODEFD 

e Past  history  of  SWTCHl 
® Used  in  the  mode  switching  logic 
for  mode»l  or  2 to  determine  if 
IRUs  or  TAJ4  5 have  ever  been  used 

18 

MODE 2 CM 

MODEFD 

0 Past  history  of  M0DE2C 

1 

» Used  in  the  mode  switching  logic 
for  mode=l  or  2 to  determine  if 
M0DE2C  has  ever  been  set  to  1 

■ 

■ 

LSD-WPC-263 
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Entry 

Generating 

Number 

Name 

Subroutine 

Description/Comment 

19 

FDCNT(l) 

NORMFD 

0 

Normal  mode  FDC  pltch/roll 

20 

FDCNT(2) 

O 

failure  state  counter. 
(l-Pltch/2-Roll) 

FDCNT(l)  or  (2)  implements  a 5 
cycle  delay  before  any  FDC 
action  la  taken 

21 

PFSTATE(l) 

NORMFD 

o 

Past  value  of  FSTATE(l), 

22 

PFSTATE(2) 

FSTATE(2) 

23 

CTR120 

SKEWFD 

• 

SKEW  wheel  FDC  120  second  counter 

24 


SKOUTCNT 


SKEWFD 


When  IW4  Is  commanded  from  0 
(3  wheel  controller)  to  1 (4 
wheel  controller)  CTR120 
counts  from  1 to  8 to 
Implement  a 120  second 
delay  before  the  skew 
wheel  test  is  preferred. 

This  is  to  allow  the  skew 
wheel  to  reach  its 
commanded  sp?ed. 

I 

Skew  wheel  FDC  failure  counter 
SKOUTCNT  Implements  the 
requirement  that  the  skew  wheel 
test  fall  3 successive  times 
before  any  FDC  action  Is 
taken 


LSD-WPC-263 
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FIGURE  B.3. 12-8  ACS  Processor  Flow  Chart  (continued) 
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FiRure  3.5.12-9.  ACSTLM  Flow  Chart 
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Figure  B. 3. 12-25.  THRUSTER  Flow  Chart 
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Figure  B. 5. 12-26.  NORMFD  Flow  Chart 
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1 0 

ES2  - 

J\  ♦ EXE*  ♦ EYE* 

ESY  - 

EX€*ES2 

ESX  - 

-£YE*£S2 

calculation  OF  EARTH  V^TOR 
IN  BODY  COORDINATES  I'Esi 


(BACK-UP  MOOEI  1 


EPA1 • 01 
EPA2  • 02 

Oa4  • 


eVX  - LIMITIEVLMT.ESXI 
EVY  • LIMIT(EVLMT.ESYI 

551  - EVY 

552  • EVX 

553- E2ER 

554- 0 

555- Q 
SS6  «0 


0 (NORMAL  MODE) 
0 (NO  SUN) 

1 (SUN) 


RETURN  ^ 


SZ  - 

1.0 

v/l  . XP*  ♦ VP^’ 

SX  • 

XP*S2 

SY  • 

V(>'*SZ 

CALCULATE  SUN  VECTOR  IN 
fSS  COORDINATE  f 


[update • 1 1 

] 

1 VEC  • 1 j 

1 

:t  * * 

SVX 

f 

SVY 

- 

SVZj 

L 
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V>Y*  YFY  ?fV 

xTi  YF2  2F2 
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B.3.13  GMT  UPDATE  COPJIECTION  (GMTCOR) 

B-3.13.1  GMT  Update  Correction  (GNTCOR)  Processor  Description 

The  GMT  Update  Correction  (GMTCOR)  processor  performs  the  function  of  providing 
a means  by  which  the  Flight  Segment  Clock  (FSC)  can  be  updated.  This  is 
accomplished  using  the  current  DPU  time  and  update  information  uplinked  from  the 
Ground  Segment.  Vhe  Ground  Segment,  by  either  uplinked  real  time  command  or 
stored  command,  must  "enable"  GMTCOR  iii  order  for  it  to  be  executed,  since  this 
processor  inhibits  itself  from  further  execution  after  it  completes  its 
function.  Real  time  command  and  stored  command  formats  are  deflne.d  in  SVS-1012.4  , 
"Landsat-D  Data  Format  Control  Book,  Volume  III  - Coumand"'. 

The  GMT  Update  Correction  (GMTCOR)  processor  is  .*n  on-demand  processor  with  a 
priority  of  6 In  the  Flight  Executive  Scheduler  Table.  This  processor  consists 
of  two  subrouf  's  as  delineated  in  Taole  B. 3. 13-1  and  a control  function 
GMTCOR.  This  to  diagrammed  in  Figure  B. 3. 13-1.  When  execution  of  GMTCOR  is 
requested,  tha  GMTCOR  control  function  verifies  that  the  current  telemetry  minor 
frame  number  is  greater  than  or  equal  to  MNFitA.ME  (8),  and  also  less  than  or 
equal  to  MXFRAME  (123).  If  both  these  conditions  are  satisfied,  iudicatlng  that 
the  Spacecraft  Control  Processor  has  had  adequate  time  to  decode  the  current  DPU 
time,  and  that  there  Is  sufficient  time  to  complete  update  cf  the  DPU  time  prior 
to  inltiauion  of  the  next  major  frame,  GMTCOR  verifies  the  validity  of  the 
decoded  DPU  time.  This  is  accomplished  by  checking  TSDCDSTS,  set  in  SCP 
processor.  If  all  these  conditions  are  sacifisfied,  the  control  function  calls 
GMTDUP  subroutine  to  update  the  DPU  time.  This  update  utilizes  the  uplinked 
parameter  DELTU,  which  appears  in  System  Table  //66.  After  the  time  is  updated, 
GMTCOR  formats  the  DPU  time  code  comands  and  sends  these  commands  to  the  DPU  via 
Che  Flight  Executive's  high  priority  command  stack  to  update  the  time.  This  is 
accomplished  in  the  subroutine  GMTSEND.  The  current  DPU  time  end  the  updated 
DPU  time  are  sent  to  the  telemetry  aj.ong  with  the  status  >f  GMTCOR,  again  aet  in 
the  GMTCOR  control  function.  GMTCOR  status  is  defined  by  the  word  GMTSTAT. 
GMTSTAT  can  assume  values  equal  Co  1,  2,  or  3.  This  appears  in  OBC  Telemetry 
Report  ii‘37  , Section  3.3.1J.5,  with  explanation  of  the  meaning  of  assumed  values. 
Further  execution  of  GMICOR  is  inhibittl  and  control  is  returned  to  the  Flight 
Executive . 

If  the  indicated  conditio'-s  for  updating  DPU  time  are  not  satisfied;  that  is, 
current  telemetry  frame  number  is  <MM1'XAME  (nominally  8),  oi  >MXFRAME  (nominallv 
123),  the  upoare  will  not  be  executed,  the  pro-'esoor  exited  and  rescheduled 
1.024  seconds  later.  If  the  decoded  DPU  time  is  invalid,  howev-^r,  the  processor 
will  be  aborted,  a status  flag  set  to  appes”  in  telemetry  to  indicate  same 
(GMTSTAT=3),  and  the  processor  inhibited.  Tn  the’  former  situation,  no  new 
command  is  required  to  enable  GMTCOR  processing,  while  the  Aacter  situation 
requires  a new  real  time  or  stored  cwmmacd . 
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The  GMT  Update  Correction  (GMTCOR)  processor  utilizes  System  Table  1^66,  GMTCOR  - 
GMT  Update  Correction  Data.  This  table,  consisting  of  5 words  sets  minimum  .and 
maximum  frame  numbers  relative  to  the  telemetry  frame  boundaries  In  which  GMTCOR 
shall  be  executed,  and  also  contains  the  DPU  offset.  The  table  Is  discussed  in 
greater  detail  in  Section  B.3.13.4. 

GMTCOR  pro-.'ldes  inputs  to  OBC  Telemetry  Report  )?37 . Those  inputs  are  discussed 
in  Section  B. 3.13.5. 
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Table  B. 3.13-1.  GOT  Update/Correction  (GOTCOR) 


Period:  On  demand  by  either  uplinked  real  time  command 

or  stored  command 

Function:  Update  and  correction  of  Flight  Seg!tent  Clock 

(FSC) 

Subroutines: 

GOTDPU  Update  DPU  time 

GOTSEND  Send  DPU  time  code  commands 

System  Tables : 

i?  Mneumonlc  Type  i?  Words  Description 

66  GOTCOR  Variable  5 COT  Update/Correction  Data 

Telemetry  Reports:  OBC  Report  37 

i 

I 


i 
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B.3.13-2  CTT  Update  Correction  (CMTCOR)  Processor  Operation 

As  shown  In  Figure  B. 3. 13-1,  GMTCOR  processor  consists  of  the  CMTCOR  control 
function  and'  two  subroutines,  GMTDPM  and  GMTSEND.  The  control  function  Is 
described  In  Section  B. 3. 13.1,  Processor  Description  and  the  subroutines 
described  here  In  Sections  B. 3. 13. 2.1  and  B. 3. 13. 2. 2. 

B. 3. 13. 2.1  Subroutine  GMTDPU 

This  subroutine,  GMTDPU,  updates  the  DPU  time.  The  DPU  time,.  TDPU,  a triple 
precision  word  In  the  Spacecraft  Control  processor  expressed  in  mi lllseconds , Is 
brought  to  the  working  area  (expressed  as  TDPUCUR) . The  new  DPU  time,  TUPDATE, 
is  computed  by  first  generating  TUPDATE  as  a function  of  DELTU,  where  DELTU 
represents  the  required  correction  for  leap  second  time  change  and/or  time  drift 
In  excess  of  the  20  ffilllisecond.  specification,  and  then  computing  TUPDATE  as 
the  sum  of  TUPDATE  and  the  current  DPU  time,  TDPUCUR.  TUPDATE  is  the>i  converted 
from  milliseconds  to  days,  hours,  minutes,  seconds,  and  milliseconds.  The 
subroutine  is  exited  and  control  Is  returned  to  GMTCOR  control  function. 

B. 3. 13. 2. 2 Subroutine  GMTSEND 

The  subroutine  G^f^SEND,  send  time  code  commands,  takes  the  outputs  of  GMTDPU, 
and  formats  these  data  Into  four  commands  which  are  then  sent  to  the  DPU  via  the 
Flight  Executive  higli  priority  command  stack.  These  commands  are  sent  using  the 
proc  C^tDS.  TDPUCLIR  and  TUPDATE  are  then  moved  Into  telemetry  buffer  CMT^Ol  and 
the  subroutine  is  exited;  control  is  returned  to  the  GMTCOR  control  function. 

I 

B . 3 .13.3  GMT  Update  Correction  ( CMTCOR)  Software  Constraints 

GMTCOR  win  be  executed  on  demand  when  DPU  time  Is  in  error  ^20  mlllisec,  or 
when  a leap  second  update  Is  desired.  Under  no  circumstances  will  either 
correction  be  made  irhon  the  Landsat-D  Flight  Segment  Is  imaging.  Additionally, 
the  leap  second  update  will  be  made  in  conjunction  with  associated  leap  second 
procedures  as  outline  is  SVS-10147,  Vol.l,  "Landsat-D  FS  Flight  and  Operations 
Plan  for  the  OCC."  The  constraint  here  is  that  the  correction  will  be  made 
concurrent  with  the  first  OBC  ephemerls  parameter  update  which  occurs  subsequent 
to  the  announcement  of  UTC  leap  second  correction. 

B.3.13.4  GMT  Update  Correction  (GMTCOR)  System  Table 

The  GMTCOR  processor  utilizes  System  Table  “66,  GMT  Update/Correct  ion  Data. 
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Entry 

Name 

TLH  Type 

Using 

Subroutine 

Description 

System 

Table  l?66  - 

GMTSYSTB  (GMT  System  Table) 

0000 

DELTU 

V 

GMTDPU 

This  Is  the  offset  for 
DPU  counter  correction 
estimated  update 
frequency  is  ~once/day 
or  when  spacecraft 
clock  is  >20  ms  out  of 
sync. 

0003 

MNTRAME 

C 

GMTCOR 

Minimum  minor  frame 
number  on  which  GMTCDR 
will  be  executed 
initialized  to  8 . 

OOOA 

I 

MXFRAME 

C 

GMTCOR 

Maximum  minor  frame 
number  on  which  GMTCOR  j 

will  be  executed.  j 

Initialized  to  123. 

i 

! 
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B.3.13.5  GMT  Update/CorrecClon  (GMTCOR)  Telemetry 

The  GMTCOR  processor  contributes  to  Telemetry  Report  (?37. 


Entry 

Number 

Name 

Generating 

Subroutine 

Descrlption/Conment 

OBC  TLM  Report 

(737 

0000 

GMTSTAT 

GMTCOR 

GMTCOR  status  flag  1 “>  Av?aiting 
minor  frame  (78  2*»>  DPU  time  update 
(Decoded  DPU  time  in  error) 

0001 

TDPUCUR 

GMT SEND 

Current  DPU  time  (equal  TDPU) 

0007 

TDUPDATE 

GMTSEND 

Updated  DPU  time 
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B . 3 . 1 3 . 6 GMT  Update  Correction  (GMTCOR)  Flow  Charts 

Figures  B. 3. 13-2  through  B. 3. 13-4  present  the  flow  charts  for  the  GMTCOR 
processor. 
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Figure  B. 3. 13-2.  GI-tTCOR  Flow  Chart 
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COMPUTATION  OF 
THE  UPDATED 
DPUTIME 


( gmtdpiT^ 


1 

TD^FuCU^  = TDPU  j 

OBTAIN  TRIPLE  PRECISION 
DPU  TIME  FROM  SCP 
(DPU  TIME  IN  MSEC) 


MSEC  REMAINDER 


MSEC  REMAINDER 


Figure  B. 3. 13-3.  GMTDPU  Flow  Chart 
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FILLER  = 0 
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CONVERT  BDAYS  TO  3 BCD  DIGITS 
CONVERT  BHOURS  TO  2 BCD  DIGITS 
CONVERT  BMINUTES  TO  2 BCD  DIGITS 
CONVERT  BSECONDS  TO  2 BCD  DIGITS 
CONVERT  BMSECS  TO  3 BCD  DIGITS 


TCCMDMSHIO)  = 12 
TCCMDMSHIH  = 12 
TCCMDMSH(2>  ° 12 
TCCMOMSHOl  = 12 


FORMAT  MSH  OF 
DPU  TIME  CODE 
COMMANDS  ■ 
(MOST  SIGNIFICANT 
HALF) 


TCCMDLSH(01=  SYNC,  BDAYS 
3 BCD  DIGITS 
TCCMDLSH(1)=  FILLER,  BHOl 


TCCMDLSH(2) ' 


TCCMDLSHf,2) 


FILLER,  BHOURS 
2 BCD  DIGITS,  BMINUTES 
MS  BCD  DIGIT 
FILLER,  BMINUTES  IS 
BCD  DIGIT,  BSECONDS 
2 BCD  DIGITS 
FILLER,  BMSECS  3 BCD 
DIGITS 


FORMAT  LSH  OF  DPU 
TIME  CODE  COMMANDS 
(LEAST  SIGNIFICANT 
HALF) 


MSHTCCMD  =■  ADDRESS  OF  TCCMOMSH 
LSHTCCMD  =>  ADDRESS  OF  TCCMDLSH 
TCCMD8UF  = ADDRESS  OF  MSHTCCMD, 
LSHTCCMD 
NUMTCMDS  = 4 


CMDS  (TCCMDBUF,  NUMTCMDS,  1) 


MOVE  TDPUCUR  INTO  T/r4  BUFFER  GMT%01 
MOVE  TUPDATE  INOT  T/M  BUFFER  GMT%01 


RETURN 


Figure  3.3.13-A.  O-ITSEND  Flow  Chart 
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B.3.14  FAIL  CHECK  (FAILCK) 

B. 3. 14.1  Fall  Check  (FAILCK)  Processor  Description 

The  FAILCK  processor,  sends  out  pulse  commands  once  a second  to  the  Attitude 
Control  System,  Modular  Power  Subsystem,  and  Command  and  Data  Handling  Subsystem 
to  provide  Indication  to  these  subsystems  that  the  OBC  Is  operating  normally. 
If  this  computer  status  monitor  Is  not  received  by  the  named  subsystems  for  a 
period  of  approximately  3 seconds,  the  spacecraft  will  be  placed  Into  Safehold 
taking  control  of  the  spacecraft  away  from  the  OBC.  The  processor  uses  System 
Table  16  for  the  commands  to  be  transmitted.  When  this  processor  Is  Initialized 
It  jumps  back  to  the  top  of  the  command  table,  otherwise  It  continues  to  cycle 
thru  the  command  list.  The  FAILCK  processor  Is  summarized  In  Table  B. 3. 14-1. 
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Table  B. 3. 14-1.  Fail  Check  (FAILCK) 


Number : 
Type: 
Priority: 
Period : 
Function: 


Subroutines:  None 


3 times  each  1.024  sec 

Provide  Computer  Status  Monitor  (CSM)  ("I'M  OK" 
signal)  to  the  ACE,  MPS  and  C&DH  subsystems 


System  Tables : 

Mneunonic.  Type 

16  FAILCMDS  P 

17  FLCMDEND  P 


0 Words  Description 

Failure  detection  signal  commands 
End  of  table  for  fail  det  signals 


Telemetry  Reports: 


None 
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B.3.14.2  Fall  Check  (FAILCK)  Processor  Operation 
See  the  flowchart  In  Section  B.3.14.6. 

B.3.14.3  Fall  Check  (FAILCK)  Software  Constraints 
1 BD 

B.3.14.4  Fall  Check  (FAILCK)  System  Tables 


Entry  Name  TLM 

Using 

Subroutine 

Descrip tlon/ Remarks 

- 

System  Table  Ir‘16  (FAILCMD) 

0 FAILCMDS 

2 
4 
6 

FAILCK 

Commands  to  be  sent  out 
by  FAILCK 

Entry 

Name 

TLM 

Using 

Subroutine 

Descr  j.p  tlon/Remarks 

System  Table  #17 

(FLCMEND) 

0 

FLCMEN'D 

FAILCK 

End  of  commands  for  FAILCK 

B.3.14.5  Fall  Check  (FAILCK)  Teleaielry 


None 

B.3.14.6  Fail  Check  (FAILCK)  Flow  Charts 
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FAILCK  1 SEND  FAILURE  DETECTION  SIGNALS 


INITIALIZER^-: ^ 

POINTER  = 0 

[reset  CMD 

O'- 'POINTER 

TEST  FDR  FAILURE 

QOKSVV=0  SEND  CSM  SIGNAL 
/QOKSWV  QOKS;V=1  DON'T  SEND  CSM  SIGNAL 


STOP  SENDING 

GET  ADDRESS 

COMPUTER  STATUS 

OF  COMMAND 

MONITOR 

j 

TO  BE  SENT 

("I'M  OK"  SIGNAL) 
1 

1 

1 

1 

CMOS  ("I 
SENTOU 

RETURN 


. MACS,  MPS,  C&DH 


^STOP  COMPUTER/ 
OPERATION  r- 


SVACK  CMD 


INCREMENT  PNTR 


-e>SENDCMD 

POINTER  LOOPS 
THRU 

3 ADDRESSES 
OF  CMPS 


Figure  B. 3. 14-1.  FAILCK  Flow  Chart 
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B.3.15  ABSOLUTE  TIME  COMMAND  (ATCP) 

B. 3. 15.1  Absolute  Time  Comaand  (ATCP)  Processor  Description 

The  Absolute  Time  Command  Processor  (ATCP)  sends  commands  from'  the  stored 
command  buffer.  Each  stored  command  has  a time  tag  associated  with  it.  The  ATCP 
takes  the  18  low-order  bits  of  time  tags  as  18-bit  positive  numbers  and  compares 
them  wit'n  an  18  bit  "Clock  Word"  derived  from  Flight  Software  Time.  When  the  two 
numbers  are  equal,  the  command  is  sent. 

Commands  are  processed  sequentially  and  a time  tag  is  not  examined  until  the 
preceding  command  has  been  sent.  If  commands  are  out  of  order  so  that  a command 
is  not  reached  until  after  its  time  has  passed,  all  stored  command  processing 
will  stop.  .It. will  not  resume  until  the  "Clock  Word"  has  will  not  resume  until 
CLOCE/18  has  cycled  past  zero  and  the  time  given  in  the  time  tag  has  again  been 

reached.  A complete  cycle  takes  a little  over  37  hours. 

Commands  with  identical  times  are  packed  into  batches  and  sent  as  close  to 
maximum  hardware  speed  as  possible  (one  command  each  millisecond).  Batches  will 
have  16  commands  if  possible.  Shorter  batches  may  be  necessary  because  pulse 
comm.'.nds  must  start  a new  batch  and  all  commands  in  a batch  must  occupy 
sequential  locations  in  the  stored  command  buffer.  The  ATCP  can  send  several 
batches  of  commands  during  one  execution. 

The  Executive  Comaand  Stack  stores  ATCP-sent  commands  for  distribution  or 
execution.  If  the  stack  is  full  when  ATCP  sends  a command,  then  up  to  7 

commands  can  ta  temporarily  saved  for  and  re-sent  on  the  next  ATCP  execution. 

The  remaining  ATCP  capabilities  include  both  pseudo-op  command  processing  and 
inhibiting  command  sending  if  certain  unpredictable  conditions  are  discovered  by 
TMON  Processor. 

ATCP  is  executed  every  1.024  seconds  as  an  Executive  Scheduler  Table  entry.  ATCP 
is  comprised  of  the  following  subroutines  and  processors. 

ATCP  - ATCP  Main  Routine 

STAT  - (Processor)  Stores  a report  in  the  status  buffer. 

cSR  - (Processor)  Sets  a bit  in  the  Executive  Status  Report 

CMDS  - (Processor)  Asks  the  Executive  to  stack  a request  for  sending  a 

burst  of  commands 

PSUEDO  - (Subroutine)  Executes  psuedo-op  functions 
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JUMP  - (Subroutine)  Changes  the  stored  comtaand  buffer  pointer  to  a new  location. 

PGONEXT  - (Subroutine)  Skips  the  current  command  and  gees  to  the  next 

HALT  - (Subroutine)  Inhibits  ATCP  from  execution 

PREDEF  - (Subroutine)  Sends  a pre-defined  block  of  commands. 

ACTIVRTS  - (Subroutine)  Activates  a Relative  Time  Sequence 

SWCPCTL  - (Subroutine)  Controls  processors 

SWSYSTAB  - (Subroutine)  Loads  a system  table 

SENDCMDS  - (Subroutine)  Asks  the  executive  to  stack  a batch  of 

commands  for  sending 

NEXT  - (Processor)  Increments  the  stored  command  buffer  pointer 

RETURN  - (Subroutine)  Returns  to  the  Executive  or  STCDRIVE 
EXITX  - (Processor)  Interrupts  the  Executive 

SEND  - (Processor)  Adds  a block  of  commands  to  the  Executive  Command 

Stac!;  for  sending 


RTRN 


(Processor)  Return  to  the  Executive  or  STCDRIVE 


B.3.15.2  Absolute  Time  Command  (ATCP)  Processor  Operation 
B. 3. 13. 2.1  ATCP  Operation  Description 

Section  B.3.15.6  contains  a detailed  flowchart  of  ATCP  operation.  The  following 
document  gives  an  in  depth  description  of  ATCP  programming  details  and 
operation : 


Multimisslon  Modular  Spacecraft 
Absolute  Time  Command  Processor 
Program  Documentation 
October,  1973 

Goddard  Space  Flight  Ceitter 
Greenbelt,  Maryland 
408-2110-0007 


The  flowcharts  in  the  above  report  do  not  reflect  changes  made  to  ATCP  by 
General  Electric.  Therefore,  flowcharts  in  Section  3.3.15.6  should  also  be 
referenced. 
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B . 3 . 1 5 . 3 Absolute  Time  Command  (ATCP)  Software  Constraints 
ATCP  has  no  software  contralnts. 

B.3.15.4  Absolute  Time  Command  (ATCP)  System  Tables 
ATCP  has  no  system  tables. 

B.3.15.5  Absolute  Time  Command  (ATCP)  Telemetry 

ATCP  contributes  to  telemetry  In  three  ways.  The  first  Is  by  setting  bits  in 
the  Executive  Status  Report.  The  second  way  is  by  storing  reports  in  Che  Status 

Buffer.  The  third  and  final  method  is  through  a single  telemetry  report.  Each 

of  these  contributions  is  described  below. 

B. 3. 15. 5.1  Executive  Status  Report  Bits 

The  Executive  Status  Report  is  in  OBC  telemetry  report  #39.  This  occurs  four 

times  in  the  telemetry  matrix  - in  minor  frames  7,  39,  71  and  103.  In  each 

minor  frame,  Che  report  is  found  in  words  91  to  95  and  words  108-127. 

Table  B. 3. 15. 5-1  shows  two  classes  of  bits,  those  set  by  ATCP  and  chose  set  by 
Che  Flight  Executive  (Bits  83  and  84).  The  table  gives  the  meaning  of  each  bit 
and  whether  it  is  latched*  or  not. 


*Latching  means  that  once  a hit  Is  set  to  I,  It  remains  set  until  the  entire 
buffer  is  reroed  by  ground  command. 
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Table  B.3-15.5-1.  Executive  Status  Report  Bits  for  ATCP 


Bit  1} 

Latched 

Bit  Meaning 

21 

Yes 

Invalid  Psuedo-op  in 
Absolute  Time  command 

22 

Yes 

Absolute  Time  command 
lost  due  to  command  stack 
overflow 

23 

Yes 

Invalid  starting  point 
for  Absolute  Time  command 
processing 

CO 

No 

Processor  inhibited  from 
sending  commands 

85 

No 

Processor  inhibited  from 
executing 

129 



Yes 

Too  many  commands  for  the 
processor  command  storage 
area 
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B.3.15.5.2  Status  Buffer  Report 

ATCP  will  store  error  information  in  certain  status  buffer  reports.  The  buffer 
is  presently  not  part  of  telemetry  and  can  only  be  examined  through  a buffer 
dump. 

Status  report  codes  are  defined  in  SVS-10123  Data  Format  Control  Book,  Vol  II 
(Telemetry)  and  S-700-56  MMS  OBC  Flight  Executive  Technical  Description, 
Appendix  B. 

B. 3. 15. 5. 3 ATCP  Contribution  to  OBC  TLM  Reports 

There  is  one  item  contributed  to  OBC  TLM  other  than  those  found  in  Telemetry 
Report  #39  and  that  is  Absolute  Time  Command  Pointer  (ATCPTR) . This  resides  in 
words  1 and  2 of  OBC  Telemetry  Report  #45. 

The  balance  of  report  #45  is  devoted  to  RTCP  telemetry. 


Entry  0 

Name 

Generating 

Subroutine 

. Description/Comment 

ATCP  OBC 
0 

TLM  Report  fM5 
SCPRPRT 

ATCP 

Current  Absolute  Time 
C'inmand  Pointer 
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B . 3 . 1 5 . 6 Absolute  Time  Command  ( ATCP)  Flow  Charts 

To  help  the  reader  understand  Che  flowcharts,  the  following  explanations  are 
made. 

o Program  segments  called  more  than  once  were  arbitrarily  made 
Subroutines.  When  these  subroutines  are  called  In  the  flowchart,  a 
circled  letter  1^  attached  to  the  box.  This  identifies  the  sheet  that 
the  subroutine  Is  flowcharted  on. 

o In  Che  main  flowchart  there  are  places  where  a subroutine  Is  called, 
but  nothing  follows  that  box.  This  meansi  that  the  program  flow 
continues  In  the  subroutines,  and  that  it  will  eventually  RETURN  from 
there. 

o A description  of  an  operation  is  used  whenever  possible. 

o The  following  flowchart  variables  always  represent  certain  registers: 

ACC  “ Accumulator  register 

EACC  “ Extended  accumulator  register 

X =•  Index  register 
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Figure  B. 3. 15-8.  PGONEXT  Flow  Chart 
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IN  RANGE  - 
BLOCK  « IS  VALID 


! STACK  A 
REQUEST  TO 
SEND  THE  BLOCK 
OF  COMMANDS 


BUFADO(0)=SPRE8UF1  * ACC  • 16 
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Figure  B. 3. 15-12.  SWCPCTL  Flow  Chart 
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: INCREMENT  POIS 

SAVBLOC^S 

AVBLOCO 

ORDER 

PARTS 
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B.3.16  relative  TIME  COMMAND  (RTCP) 

B.3.16.1.1  Relative  Time  Command  (RTCP)  Processor  Description 

The  Relative  Time  Command  Processor  (RTCP)  processes  the  relative  time  command 
sequences  stored  in  onboard  computer  (OBC)  memory.  An  RTS  is  a set  of  commands 
sent  at  prespecified  Intervals  measured  in  RTCP  executions.  The  RTCP  can  thus 
execute  a relatively  lengthy  command  procedure  with  pre;scheduled  delays.  This 
allows  one  command  or  group  of  commands  to  achieve  its  full  effect  (such  as 
warming  up  an  instrument)  before  the  next  command  or  set  of  commands  is  issued. 

Commands  within  an  RTS  are  processed  sequentially,  and  a series  of  commands  with 
Intervals  of  zero  will  be  sent  (within  hardware  limitations)  as  a block  at  1 
millisecond  intervals.  Longer  intervals  between  commands  are  expressed  in 
numbers  of  RTCP  executions.  A count  of  1 means  that  the  command  is  sent  on  the 
first  RTCP  execution  after  the  one  on  which  the  previous  command  was  sent,  a 
count  of  2 means  that  it  is  sent  on  the  second  execution,  and  so  forth.  The 
maximum  count  is  131,071  (2**17-1).  An  RTS  can  be  executed  many  times. 

RTSs  can  be  activated  by  pseudo-op  commands  stored  in  the  absolute  time  command 
buffer.  RTSs  can  also  be  activated,  halted,  inhibited,  and  reenabled  by 
commands  from  ground  control  or  from  another  processor.  Several  RTSs  can  be 
active  at  one  time.  Each  active  RTS  is  examined  during  an  RTCP  execution.  The 
commands  from  one  RTS  are  sent  before  RTCP  processes  the  next  RTS.  Multiple 
commands  from  an  RTS  are  sent  in  a block.  Commands  from  separate  sequences  go 
out  in  separate  16  millisecond  slots. 

Commands  are  always  transmitted  directly  from  their  storage  buffer.  They  are 
never  moved  or  modified.  Two  buffers  must  be  used,  because  commands  are  27  bits 
long  and  OBC  words  have  only  18  bits.  The  9 high  order  bits  of  successive 
commands  go  out  over  input/output  (I/O)  device  6,  and  the  18  low  order  bits  of 
the  same  commands  go  out  simultaneously  over  device  7 . 

RTCP  is  executed  every  1.024  seconds  as  an  Executive  Scheduler  Table  entry. 
RTCP  Is  comprised  of  the  following  subroutines  and  processors. 

RTCP  - RTCP  Main  Routine 

RSENDCIiDS  - Asks  the  Flight  Executive  to  add  a batch  of  commands  to  the 
Executive  Command  Stack. 

B.3.16.2  Relative  Time  Command  (RTCP)  Processor  Operation 
B. 3. 16. 2.1  RTCP  Operation  Description 

A detailed  flowchart  of  RTCP  operation  is  given  in  Section  b.3.16. 6.  An  in 
depth  description  of  RTCP  programming  details  and  operation  Is  given  by  the 
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! following  document: 

■ / 

.f  Multimission  Modular  Spacecraft  (HMS) 

Relative  Time  Command  Processor  (RTCP) 

f Program  Documentation 

October  1978 

: Goddard  Space  Flight  Center 

Greenbelt,  Maryland 
•.[  408-2110-0006 

j B. 3. 16. 2. 2 Modes  of  Operation 

There  are  no  modes  of  operation  associated  with  RTCP. 

B. 3. 16. 2. 3 RTCP  Subroutine  Description 

RSENDCMDS 
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Asks  thf  Flight  Executive  to  stack  a batch  of  commands  in  the  Executive  Command 
Stack.  If  the  batch  is  successfully  stacked,  then  it  RETURNS  normally.  If  the 
batch  was  not  stacked,  then  it  returns  to  the  main  program  location  labeled 
NEXTSEQ.  This  causes  the  program  to  skip  to  the  next  sequence. 

B. 3 .16.3  Relative  Time  Command  (RTCP)  Software  Constraints 

RTCP  has  no  software  constraints. 


B.3.16.4  Relative  Time  Command  (RTCP)  System  Tables 
RTCP  has  no  system  tables. 

B.3.16.5  Relative  Time  Command  (RTCP)  Telemetry 


RTCP  contributes  to  telemetry  in  two  ways.  The  first  is  by  setting  bits  in  the 
Executive  Status  Report.  (This  is  not  done  by  RTCP  itself,  however.)  The 
second  way  is  through  a single  telemetry  report.  Each  of  these  contributions  is 
described  below. 
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B.3>16.5.1  Executive  Status  Report  Bits 

The  Executive  Status  Report  Is  In  OBC  telemetry  report  #39.  This  occurs  four 
times  In  the  telemetry  matrix  - In  minor  frames  7,  39,  71  and  103.  In  each 
minor  frame,  the  report  Is  found  In  words  91,  95,  and  108-127. 

The  bits  for  RTCP  are  listed  In  Table  B. 3. 16-1.  These  bits  are  set  by  the 
Flight  Executive.  The  table  also  Includes  the  meaning  of  each  bit  and  whether  it 
Is  latched  or  not.  (Latching  means  that  once  a bit  is  set  to  1,  i.t  will  remain 
set  until  the  entire  buffer  Is  zeroed  hy  command  from  the  ground). 

Table  B. 3. 16-1.  Executive  Status  Report  Bits  for  RTCP 


Bit  # 

Latched 

Bit  Meaning 

86 

No 

Processor  Inhibited  from 

sending  commands 

87 

No 

Processor  Inhibited  from 

executing 
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B. 3. 16. 5 >2  RTCP  Telemetry  Report 

RTCP  will  provide  telemetry  In  the  OBC  TLM  reports  via  words  3 thru  23  of  OBC 
TLM  Report  ^45.  This  telemetry  shows  the  status  of  all  of  the  RTS  groups, 
whether  they  are  active  or  Inhibited. 


Entry 

Name  TLM 

Using 

Subroutine 

Descript Ion /Remarks* 

OBC  TLM 

Report  i*45 

- 

0 

ATCPTR 

ATCP 

Current  absolute  time 
command  pointer 

2 

. SWVERNO 

— 

Software  version  number 

3 

RTSl 

RTCP 

Inhibit/active  status  of 
RTS  00-15 

7 

RTS  2 

RTCP 

Inhiblt/active  status  of 
RTS  f 16-31 

11 

RTS3 

RTCP 

Inhiblt/Act ive  status  of 
RTS  f? 3 2-4  7 

15 

RTS4 

RTCP 

Inhiblt/active  status  of 
RTS  ^48-63 

19 

RTSS 

RTCP 

luhibit/actlve  status  of 
RTS  i?64-79 

23 

RTS6 

RTCP 

Inhiblt/active  status  of 
RTS  f?30-87 

L 


*Each  RTS  status  report  Is  two  bits  long.  An  inhibited  sequence  has  the  first 
bit  “ 1.  An  active  sequence  has  the  second  bit  = 1. 
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B. 3*16. 6 Relative  Time  Command  (RTCP)  Flow  Charts 

To  help  the  reader  understand  the  flowcharts,  the  following  explanations  are 

made . 

a Certain  subroutine  calls  have  a circled  letter  attached  to  them.  This 
identifies  the  sheet  that  the  subroutine  is  flowcharted  on. 

o The  following  flowchart  variables  always  represent  certain  registers: 

ACC  * Accumulator  Register 

EACC  “ Extended  Accumulator  Register 

X - Index  Register 

o The  CALL  RTRN  statement  is  equivalent  to  RETURN  in  FORTRAN. 
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Figure  B. 3. 16-1  RTCP  Top  Level  Flow  Chart 


CO  TO  THE  NEXT  COm<ANO 


RTSTATUS(l)  = RrSTATUStn.ANO.  C377777 


SEND  COMV.ANO  m'.IEOlATELV  YES 


ACCsTIME  TAG  OT 
COMMAND  ;^i:PREijENTED  BY 
RTSPNTRdJ 


...  . r.,  ..  .j  -i.  SVS-10266 
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Figure  B. 3. 16-2.  RTCP  Detailed  Flow  Chart 
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ISUBROUTINE  RSENDCMD  ASKS  THE 
FLIGHT  EXEC  TO  ADD  A BATCH  OF 


© 

^ RSENDCMD^ 


RSENDCMDS=RTS  SEND  COMMANDS 


SAVE  X 


ASK  THE  FLIGHT 
EXEC  TO  ADO  A 
BATCH  OF  COM- 
MANDS TO  THE 
STACK  FOR  SENDING 


REGISTER 


REGISTER 

j RWORK=X 

1 

- 

CALL  CMDS(RBUFAOD,CMDCOUNT.ACC) 

1 INDEX 
; INDEX 

X=RVifORK 

[ 

? WAS  THE  BATCH 
STACKED? 


YES  - SUCCESSFULLY  STACKED 


o^F.ETURN  ^ ! RETURN  TO  CALLING  PROGRAM 


SET  THE  SEQUENCE 
POINTER  TO  THE 

RTSPNTR(X)  = RBUFAOD-RTSMAX(X) 

START  OF  THE 
BATCH 

SET  THE  COUNTER 
TO  1 


CO  TO  THE  NEXT 
SEQUENCE 


RTSCNTR(X)  = 1 


CO  TO  LABEL 
RNEXTSEQ  IN 
MAIN  PROGRAM 


Figure  B. 3. 16-3,  RSENDCMD  Flow  Chart 
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B.3.17  UPDATE  FILTER  (UFLTR) 

B. 3. 17.1  Update  Filter  (UFLTR)  Processor  Description 

The  function  of  the  Update  Filter  Is  to  use  data  from  stellar  referenced  sensors 
to  update  the  spacecraft  Inertial  attitude  determination  and  gyro  bias 
compensation.  Normally  the  Update  Filter  will  employ  data  from  the  two  Fixed 
Head  Star  Trackers  (FHST),  but  by  ground  command  data  from  the  Fine  Sun  Sensor 
(FSS)  can  be  processed. 

The  Update  Filter  module  is  a background  processor  which  Is  called  every  32.768 
seconds  or  every  32  cycles  of  the  Flight  Executive  Scheduler  table.  This 
processor  will  be  Interrupted  by  foreground  processors,  but  has  a-  higher 
priority  than  other  background  processors. 

The  Update  Filter  Processor  is  comprised  of  17  subroutines.  These  subroutines 
are  listed  in  Table  B. 3. 17-1,  and  diagrammed  in  Figure  B. 3. 17-1.  During 
operation  of  the  software,  these  subroutines  use  Systems  Tables  35  thru-  49  for 
parameters,  and  updates.  Table  38  is  the  Star  Catalog  which  provides  up  to  55 
stars  to  be  used  in  update  filter  operations.  This  table  is  updated 
periodically  w.th  new  stars  occurlng  in  the  field  of  view  of  the  FHST"s. 
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LEGEND; 


ORDER  CALLED 

Figure  B. 3. 17-1.  Update  Filter  (UFLTR)  Overview 
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Table  B. 3. 17-1.  Update  Filter  (UFLTR) 


Number: 

13 

Type: 

Background 

Priority: 

10 

Period: 

32.768 

Function: 

Provide  Attitude  determination 

and  gyro  bias 

compensation  to  ACS  software  processor. 

Subroutines : 

UFINIT 

Initialization 

UFSAPC 

State  propagation  computation 

UFSTNC 

State  transition  and  noise  matrix  computation 

UFCMPC 

Covariance  matrix  propagation 

UFDYSC 

Dynamic  scaling 

UFMESP 

Measurement  processing 

UFSTDC 

Star  trackers  only 

UFSTPF 

Star  trackers  plus  FSS 

UFSTDC 

Star  tracker  data  calibration 

UFSDCR 

Star  tracker  data  correction 

UFSTID 

Star  identification 

UFFSDP 

FSS  data  processing 

UFGAIN 

Gain  matrix  computation 

UFEPCC 

Euler  parameter  and  gyro  bias 

correction  computation 

UFCMUD 

Covariance  matrix  update 

0ABERB 

Total  aberatlnn  velocity 

UFTELM 

Telemetry  proressing 

B. 3-343 
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Table  B.3.17-’.  (Continued) 


# 

Mnemonic 

Type 

Description 

35 

UFGNPARM 

P 

Gyro  Noise  Model  Parameters 

36 

UFHNPARM 

P 

FHST  Noise  Model  Parameters 

37 

UFPARMS 

P 

Parameters  for  Update  Filter 

38 

STARCAT 

V(l) 

Star  Catalog 

39 

UFSSUVEC 

P 

FSS  Unit  Vector 

40 

UFMFCOCl 

P 

Torquer  Bar  Mag.  Fid.  Sens.  Coeff.  FHST 

n 

41 

UFMFC0C2 

P 

Torquer  Bar  Mag.  Fid.  Sens.  Coeff.  FHST 

in 

42 

UFISTUVl 

P 

Unit  Vector  Components  FHST  ^1 

43 

UFISTUV2 

P 

Unit  Vector  Components  FHST  it! 

44 

UFFTCOFl 

P 

Flat  Field  and  Temp  Coeff.  FHST  i?l 

45 

UFFrC0F2 

P 

Flat  Field  and  Temp  Coeff.  FHST  n 

46 

UFICCOFl 

P 

Star  Intensity  Calibration  Coeff.  FHST 

n 

47 

UFICC0F2 

P 

Star  Intensity  Calibration  Coeff.  FHST 

in 

48 

UFCCEMFl 

P 

Magnetic  Field  Calib.  Coeff.  FHST  ifl 

49 

UFCCEMF2 

P 

Magnetic  Field  Calib.  Coeff.  FHST  l?2 

P « Parametric  - nominally  will  not  change 
V “ Variable  - Change  necessary  periodically 

(1)  Star  Catalog  - updated  every  3 days 

Telemetry  Reports 

OBC  Reports  24  thru  34 
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B.3«17.2  Update  Filter  (UFLTR)  Proceesor  Operation 

The  update  filter  uses  data  from  2 FHST's  or  from  1 FHST  and  the  FSS  to  provide 
Independent  corrections  to  the  attitude  reference  quaternion,  EPAl,2,3,A,  and 
the  gyro  bias  vector,  THETBX,Y,Z.  The  update  filter  Implements  a Kalman  filter 
which  Is  a sequential  estimating  algorithm  that  processes  one  measurement  at  a 
time  to  continually  reduce  the  error  magnitude.  The  ground  controls  the  update 


filter  mode  of  operation 

with  the  parameter  ST.  If 

ST-1  the 

mode  will  be  to 

alternately  use  data 

from  both  FHST's.  If  ST“0  the  mode 

will 

be 

to  alternately 

use  data  from  the  FSS 

and  1 

predefined  FHST.  The  ST=0  mode  Is 

. a 

backup  mode  for 

the  case  of  a failed 

FHST. 

Upon  entry  the  update  filter 

saves 

a 

time  consistent 

sec  of  the  following 

data : 

EPA1,2,3,4 

reference  quaternion 

8 

words 

BE.X,Y,Z 

magnetometer  data 

3 

words 

MX,V,Z 

torquer  commands 

3 

words 

WX,Y,Z 

spacecraft  rates 

3 

words 

TF 

flight  software  time 

2 

words 

ZLX-XLZ 

orbit  position  data 

4 

words 

ASTI HO RZ 

FHST  ^1  horizontal  pos 

2 

words 

ASTIVERT 

FH'^T  #1  vertical  pos 

2 

words 

AST2H0RZ 

FHST  02  horizontal  pos 

2 

words 

AST2VERT 

FHST  02  vertical  pos 

2 

words 

AST 1 MAG 

FHST  fl.star  Intensity 

1 

word 

AST2MAG 

FHST  02  star  Intensity 

1 

word  1 

ASTITEMP 

FHST  !?1  temperature 

1 

word 

AST2TEMP 

FHST  02  temperature 

1 

word 

AFSSOUT 

Fine  Sun  Sensor  data  word 

4 

words 

On-Board  Star  Catalog: 

OBC  system  table  iS'38  Is  reserved  for  the  star  catalog.  The  catalog  can  hold  as 
many  as  55  stars  (500  words). 

Star  Identification; 

Star  identification  is  performed  by  the  subroutine  UFSTID.  A single  star 
measurement  is  compared  to  each  star  In  the  catalog  (55  catalog  stars  is  the 
largest  catalog)  and  the  number  of  catalog  stars  identified  with  the  measurement 
is  saved.  If  and  only  if  1 identification  is  made  and  it  is  the  second  (or 
greater)  time  that  the  measurement  is  Identified  with  that  particular  star  an 
update  is  executed.  Three  tests  are  performed  (in  order)  for  each  catalog  star 
given  a star  measurement.  If  any  test  falls  for  a particular  catalog  entry  the 
next  test  or  2 tests  are  not  performed  but  rather  testing  for  the  next  catalog 
star  is  begun. 
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Test  i?l  Orbit  Angle  Test; 

A star  orbit  angle  defines  the  spacecraft  position  In  orbit  at  which  the 
spacecraft  can  view  the  star.  Orbit  angles  for  stars  are  constants  and  part  of 
the  star  catalog  load  while  the  spacecraft  orbit  angle  Is  a function  of  the 
ephemerls  and  which  FHST  Is  the  preferred  sensor. 

RS  - Spacecraft  orbit  angle 

DR(FHST)  = Correction  to  RS  for  either  FHST  #1  or  FHST  (?2 
RT  “ RS+DR  (FHST)  “ effective  spacecraft  orbit  angle 
RF  “ allowable  tolerance 

CATRS  “ star  orbit  angle  upllnl:ed  as  part  of  the  star  catalog 
The  orbit  angle  test  Is  then  accepted  If: 


(RT-RF)  <CATRS  <(RT+RF) 

Test  i?2  Threshold  Test 

The  measured  ;itar  Intensity,  IS,  is  compared  to  the  threshold  tolerance  limits,. 
CATSU  and  CATS2 , uplinked  for  each  star  as  part  of  the  star  catalog.  The- 
threshold  test  is  accepted  if: 

CATSL  <IS  <CATSU 

Tea  t Measurement  Res  tdual  Tes  t : 

The  measurement  residual  test  is  accepted  if; 

SX  <VS1  and  SY  <VS2 

where:  SX  and  SY  are  the  absolute  values  of  the  differences  between  FHST 

measured  X and  Y positions  and  expected  positions.  The  expected 

positions  are  calculated  from  the  star  vector  uplinked  as  part  of  the 
star  catalog. 


and : 

VSl  “ KS*SQRT(R+V1) 

and : 

VS2  - KS*SQRT(R+V2) 

where : 

KS  is  a gain  constant 

and  : 

R is  either  RL  or  KU 
within  RLM  (RLM“?)  of 

depending  on  whether  the  star  measured  position  is 
the  tracker  origin. 
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and:  VI  and  V2  are  uncercalncies  associated  with  the  best  estimated  value  of 

the  attitude. 


Normal  2 FHST  Operation  (ST°1) : 

The  following  physical  considerations  were  the  driving  force  for  the  update 
filter  logic  Involving  star  data  use. 

1.  To  avoid  using  bad  star  data,  a star  must  be  Identified  twice  before 
the  data  Is  to  be  used  to  generate  an  update. 

2.  The  preferred  tracker  Is  always  the  one  which  has  gone  the  longest 
without  providing  data  for  an  update.  This  is  to  avoid  errors 
accumulating  about  the  boreslght  of  one  tracker. 

3.  There  Is  not  enough  time  to  process  2 star  Identifications  and  2 
updates  in  one  32  second  cycle.  There  is,  however,  enough  time  to 
process  2 star  identifications  and  one  update  In  a single  32  second 
cycle.  Theiefore,  if  the  preferred  tracker  has  no  valid  star,  the 
opportunity  is  then  taken  to  check  the  other  tracker  and  update  from 
it  If  It  has  a valid  star. 


Consider  the  following  scenario  to  explain  the  update  filters  logic  for  star 
data  use. 


1.  ST"!  -->  2 star  tracker  not  1 FHST  + FSS. 

2.  A single  star  will  pass  through  the  FHST  field  of  view  in  roughly  3 

minutes . 

3.  Consider  the  case  when  a valid  star  enters  the  field  of  view  of  each 

tracker  at  roughly  the  same  time.  Each  tracker  has  a unique  star 

since  the  tracker  fields  of  view  do  not  overlap. 

4.  Assutne  that  this  tine  the  preferred  tracker  is  Cracker  Ifl  or  FHST°1 . 

5.  Scenario 

a.  1st  32  Sec  Update  Filter  Cycle 

UFSTOC  will  call  UFSTID  which  will  identify  the  star  in  tracker 
ill  but  set  ISC--1  since  this  Is  the  1st  identification  for  this 
star.  UFSTID  will  return  control  to  UFSTOC  and  since  ICS"1  a 
second  try  using  tracker  92  will  be  executed.  This  second  Cry 
will  call  UFSTID  a second  time  to  identify  the  star  in  tracker 
92.  The  star  will  be  identified  but  ISC  will  be  set  to  -1  again 
since  this  is  the  1st  Identification  for  this  star  also.  UFSTID 
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will  then  return  control  to  UFSTOC  and  the  preferred  sensor  will 
be  set  back  to  tracker  i!^l.  VSD  will  remain  0 since  it  can  only 
be  set  to  1 If  ISC  Is  1.  UFSTOC  will  then  return  control  to 
UFMESP  which  then  returns  control  to  UFMESP  which  will  bypass  the 
update  since  VSD=0. 

b . 2nd  32  Sec  Update  Filter  Cycle 

UFSTOC  will  call  UFSTID  which  will  again  identify  the  star  in 
tracker  /fl  and  set  ISC”1  since  new  this  is  the  second 
identification  for  this  star.  UFSTOC  will  then  set  VSD>=1  and 
"Flip"  the  preferred  sensor  word  to  tracker  i?2  and  then  exit.  (Wo 
second  try  will  be  executed  since  ISC”1).  Then  UFf-ESP  will 
execute  the  update,  then  exit. 

3 . -3rd  32  Sec  Update  Filter  Cycle 

Repeat  the  logic  in  the  second  cycle  except  that  the  update  will 
use  tracker  i?2  and  the  preferred  sensor  will  then  flip  back  to 
cracker  &1. 


FSS/1  FHST  Backup  Operation; 

The  subroutine  UFSTPF  controls  the  logic  for  this  back-up  mode  of  operation. 
The  parameter  FHST  is  the  preferred  tracker  flag  which,  unlike  the  normal  mods, 
is  not  changed.  The  sensor,  either  FSS  or  the  preferred  tracker,  which  has  gone 
the  longest  without  providing  data  for  an  update  is  the  preferred  sensor.  The 
parameter  FSS  controls  the  cycling  between  sensors.  If  FSS=»1  then  Fine  Sun 
Sensor  is  the  preferred  sensor.  If  SUNPRS"!  an  update  is  performed  using  the 
sun  data.  If  SUhTRS=0  a second  try  will  be  attempted  this  time,  however,  with 
FSS*0  indicating  the  prefered  FHST  as  the  preferred  sensor.  When  FSS-0  the 
logic  is  identical  to  the  normal  mode  with  the  exception;  if  the  preferred  FHST 
fails  to  yield  an  update  the  second  try  is  executed  using  the  Fine  Sun  Sensors. 


NC.ViAX  The  number  of  stars  in  the  on-board  star  catalog.  (^55)  Also  the 
number  of  cycles  of  the  scar/  identification  loop  for  each  star 
measurement . 


NFAILl  The  number  of  star  identification  failures  for  FHST  1 and  FHST  2. 

.WFAIL2  WFAIL  1 and  WFAIL  2 are  reset  to  0 only  when  1 and  only  1 star  is 

identified  for  a single  star  measurement. 


LSTIDl 

LSTID2 


LSTIDl  ard  2 gives  Che  catalog  sequence  number  (WCA)  for  the  last 
unique  identification. 
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RS  RS  gives  the  spacecraft  orbit  angle. 

VSl  VS1,2  give  the  position  tolerances  for  the  measurement  residual  test. 

VS2 

KCOUNT  KCOUNT  is  incremented  each  time  an  update  is  performed. 

PCOUNT  PCOUNT  is  incremented  each  time  the  covariance  matrix  is  propigated. 

(The  covariance  matrix  is  propigated  every  32  sec  cycle  to  allow  for 
errors  being  transferred  from  one  axis  to  another  due  to  spacecraft 
rotation. ) 


I 
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B. 3. 17. 2.1  Update  Filter  Subroutines  Operation 


UFLTR 

I 

UFLTR  is  the  control  routine  for  the  update  filter  processor.  Since  this 
processor  requires  a long  period  for  its  computation  it  saves  a data  set  with 
the  setting  of  Update  Filter  Data  Required  (UFDTREQD)  Flag  to  1.  This  signals 
the  SCP  to  use  its  subroutines  COMPDSAVE  and  MVUFDATA  to  acquire  and  save  the 
following  data  set: 


Raw  Star  Tracker  Data 
Euler  Parameters 
Magnetometer  Data 
Magnetic  Torquer  Cmds 
Angular  Rates 
Flight  Software  lime 
Orbit  Position  Data 
Fine  Sun  Sensor  Data 


(12  words) 
( 8 words) 
( 3 words) 
( 3 words ) 
( 3 words) 
( 3 words) 
( 4 words) 
( 4 words) 


When  SCP  has  completed  the  data  acquisition  and  save  it  resets  UFDTREQD  to  zero 
signaling  UFLTR  that  data  save  has  been  compleced.  The  setting  of  the  Filter 
Initialization  (FLTRI  flag  to  other  than  zero  will  initialize  the  processor  via 
UFINIT.  UFS/VPC,  UFMESP  and  UFTELM  are  called  to  complete  the  Update  Filter 
processing . 
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UFIHIT 

Update  Filter  Initialization  is  called  by  UFLTR  if  FLTRI  is  not  equal  /-o 

The  Attitude  Error  Covariance  Matrix  PMl 1(1) . Cross  Covariance  Matrix  PM12( I) 

and  Gyro  Drift  Error  PH22(I)  are  reset  to  zero  then  Attitude  Error  and  ^yro 
drift  are  initialized  to  PAO  and  PGO  respectively  which  are  resident  in  System 
Table  37.  The  propagation  Interval  TPS  and  Initialization  Flag  (FLTP.I)  are 
reset  to  zero  and  the  Past  Time  (TUS)  is  reset.  The  P and  K matrix  counter  are 
also  reset  to  zero.  DYNSCLE  is  utilized  to  initialize  scale  values  SCP  11,  12, 

22. 


UFSAPC 

Update  Filter  State  Transition  and  Propagation  Computation  is  called  by  UFLTR  to 
compute  propogation  interval  and  compare  it  to  the  past  value.  If  it  has  not 
changed  UFSTNCis  not  called  before  UFCMPC  processing. 

UFSTNC 

Update  Filter  State  Transition  and  Noise  Covariance  Matrix  is  called  in  UFS^- C 
only  when  the  propagation  interval  has  changed.  The  stat  transition  and  noise 
covariance  matrices  are  used  in  the  Update  Filter  error  covariance  matrix 
propagation.  These  matrices  are  a function  of  the  propagation  time  interval. 
Upon  entry  vhc  propagation  interval  is  saved  in  TPS  and  computation  of  necessary 
intermediate  variables,  used  in  the  matrices  computation,  takes  place.  This  is 
followed  with  computation  of  the  state  transition  matrix  and  •'omputation  of  the 
state  noise  covariance  matrix. 

UFCMPC 

The  Covariance  Matrix  Propagation  is  subroutine  called  to  compute  the  Update 
Filter  error  covariance  matrix  propagation  algorithm.  ■ .termedlate  matrices  a1, 
X2,  X3,  and  X4  are  used  throughout  the  rent.  . ir.  the  covariance  matrix 

propagation.  The  covariance  matrix  propagation  routi  is  entered  every  time 

the  Update  Filter  processor  is  called.  The  coutner  PCOUNT  which  is  Incremei . ’ 
each  time  UFCMDC  is  executed  is  an  indication,  along  with  KCOUNT  of  UFEPGC , in 
telemetry  of  a successful  update. 

UFMESP 

Update  Filter  Meas”.rement  processing  is  called  by  UFLTR.  It  resets  the  Valid 
Data  Flag  (VSD) , the  TRY  flag,  ano  the  PASS  flag  to  zero,  then  tests  the  star 
tracker  data  XSIB2/XS232  for  FilFT  1 and  2 respectively,  for  a 1 in  Eit  - w.-ich 
indicates  data  present  in  the  FHST.  it  sets  STARU  1/2  to  1 if  _data  is 
available,  which  will  be  used  in  UfSPOC.  The  subroutine  taen  calls  i. 

ST,  the  flag  for  FSS  i FUST  or  FHST  on.’.y  selection,  is  set  to  zeio  or  UFSIOC  1., 
ST'equalsl.  If  UFSTPF  or  UFSTOC  returns  a Valid  Data  indiccticn  VSD=1  then  the 


r »n  ^ ^ T 
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PASS  flag  l3  Incremented  and  Che  three  processors  as  shown  In  Figure  B.3.17  are 
called  and  a second  produces  2 measurements  for  processing.  If  VSD=0  then  a 
return  to  UFLTR  Is  made. 

UFSTOC 


The  star  trackers  only  subroutine  Is  called  by  UF^i)SP  In  tne  normal  mode  where 
the  update  sensors  are  the  two  FHST's.  The  preferred  star  tracker  is  tested  for 
data  (STARU(FHST)  lo  set  on  entry  of  UFMESP),  If  data  is  not  available 
(ST^JlLi(FHST)"0)  then  the  ot.ier  tracker  la  selected  and  tested  for  data.  When 
the  star  tracker  hac  data  available  UFSTDC,  UFSDCR  and  UFSTIu  are  called 
respectively.  Upon  return  from  UF3TID  if  the  index  sta)  counter  (ISC)  Is  set  to 
1 the  valid  data  flag  Is  set  and  the  other  star  tracker  is  made  the  preferred 
sensor.  If  VSD  is  not  1 the  other  ttacker  '.s  selected  and  If  it  is  only  the 
first  try  will  test  the  second  cracker.  Each  time  this  routine  Is  entered  it 
returns  dau  from  only  one  star  tracker. 

UFSIDC 

The  Star  Tracker  Dpta  Calibration  subroutine  Is  called  to  convert  the  raw  star 
tiacker  data,  XUr.il,  XSLB2,  YSlBl,  YS1B2 , XS2B1,  XS2B2,  YS2B1.,  YS2B2,  to  a form 

suitable  for  further  processing.  Which  of  the  duplicate  star  trackers  is  used 

depends  on  the  value  of  the  star  tracker  flag,  r'HST.  The  data  is  compensated 
for  the  effects  of  geometric  distortion,  magnetic  fields,  temperature  variations 
and  star  intensity  variations.  Output  consists  of  the  star  magnitude,  MS,  and 
the  vector  compone.nts , XS , YS  and  2S . 

UFSDCR 

The  Star  Tracker  Dvita  Correction  subroutine  is  called  to  compensate  the  star 
tracker  measurements  for  the  effects  of  velocity  abberatlon  and  time  delay  in 
measurement . 

UFSTPF 

The  UFSTPF  subroutine  Is  called  In  UFMESP  If  the  FHST  only/FHST  6 FSS  mode  flag 

(ST)  is  set  to  och-ar  th.sn  I,  when  Input  Is  from  both  FSS  and  FHST  Is  desired. 

This  subroutine  works  similar  to  UFSTOC  with  the  use  of  the  FSS  and  one  of  the 
FHTS's  Instead  of  2 FHST's.  The  FHST  to  be  used  Is  selected  by  Entry  1 in 
System  Table  //37  (FHST).  If  the  FSS  is  the  preferred  sensor  (FSS=»l)  then  FSS  is 
set  to  zero  to  nvike  the  star  tracker  the  preferred  sensor  for  the  next  pass.  A 
test  for  sun  present  (SUNPRSj^O)  Is  performed  and  UFFSDP  continues  processing  FSS 
(lata  If  the  .sun  Is  pre.sent  returning  a Valid  Data  Flag  (VSD)  If  successful;  if 
not,  proecs.slng  as  In  UFSTOC  occurs  with  the  selected  FHST.  Eacl\  pass  tlirough 
tills  routine  i)ro(Jucos  no  more  than  one  data  Input  to  the  update  filter. 
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UFFSDP 

This  subroutine  is  called  in  UFSTl’F  wh*n  Fine  Sun  Sensor  proceasinfl  la  required. 
It  compensates  the  Fine  Sun  Sensor  data  for  velocity  abberatlon,  and  parallax 
mcasuroinsnt  errors,  and  computea  the  update  ftltor-  FSS  meaauroment  reslduala. 
error  vali.anccs  .and  elements  of  update  filter  OLStrlx. 

IJFSTID 


UFSTID  is  to  determine  If  the  star  currently  being  tracked  is  in  the  active  star 
catalog  (Systora.-j  Table  #38)  and  exactly  which  star  It  is.  The  first  test  UFSTID 
povforas  is  a chock  for  a new  star  catalog.  If  STARCAT"!  and  Software  Time  (TU) 
is  greater  than  or  equal  to  time  to  use  new  cat.slog  (TUSR)  Chen  the  now  .star 
c.atalog  is  moved  Into  the  undate  filter  for  u.so.  If  not  the  old  catalog 
conLlmios  to  be  used.  Co'.ypvitaf.lon  of  orbit  angle  l.s  performed  and  a .search  of 

the  catalog  d made  looking  at  orbit  angle  (RSU/KSL),  Intensity  (IS)  and 

raeasurecaent  residuals.  The  indextug  thru  the  catalog  i.s  NC.\  to  a axlraum  in  the 

catalog  of  NC.'vM.W.  If  a catalog  star  mjitches,  ISC  Is  Incremented  and  ISTR  i.s 

set  to  the  Index  NCA  of  the  st.ar,  the  .search  continues  thru  the  entire  c.'italog. 

If  at  the  end  of  the  search  ISC  remains  I,  the  failure  counter  for  FHST  1/2 
(NF.ML  1/2)  Is  sot  to  0 and  If  the  current  star  Index  (ISTR)  equals  the  last 
star  Index  (LSTID)  then  the  update  l.s  corapleted.  If  the  Index  doesn't  match 
I..STID  is  sot  to  ISTR  and  I .*'C  Is  set  to  -I  to  prevent  the  update.  If  .at  the  end' 
of  .1  catalog  search  ISC  Is  not  equal  to  I NFAIl,  (1/2)  Is  lncr''.tsenced , l..ant  Index 
(LSTU))  1s  sec  CO  -I  and  coniuiiuds  are  sent  to  the  st.ar  tracker  to  break  track. 
ISC  must  oqul.a  1 for  ;i  Valid  D.ata  Flag  (VSD)  to  bo  .set  In  UV'STOC  or  Ul’STFF. 
Note  tli.at  the  to.st  of  La.at  Star  Imlox  (I.STID)  to  current  Star  Indox  ISTR)  makes 
it  necessary  !;o  Identify  a st.ar  twice  Ivfove  it  is  used  for  .an  vipdate. 

ilKCAIN 

UKCAIN  is  called  In  UFMKSP  if  the  Valid  Dta  Flag  (VSD)  Is  set  to  1.  ’^bis 
subroutine  coraputo.s  .and  compares  the  elements  of  the  Update  Filter  Cain  m.atrlx. 
The  Cain  Matrix  compvitatlon  v^ill  be  executed  twice  during  an  Update  Filter  cycle 
to  process  data  from  both  sensors. 

UFI-.l'CC 


Thl.s  subroutine  will  combine  the  Update  Filter  estlimates  of  Kuler  Parameters  and 
Cvro  bias  compens.it  Ion  errors  Into  a vector  that  can  be  lusod  to  update  these 
quantities.  Two  .sensi>  iix'asnro  'ee.ts  mu.st  be  proee.sse.i  before  the  t.>(.al  vector  Is 
available.  The  counter  of  number  v)f  tlines  thru  UFKl'CC  (KCOUNT)  Is  an  lndlcatloi\ 
In  telemetry  of  .suecessfiil  update. 
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The  Covariance  Matrix  Update  subroutine  is  called  to  adjust  the  elements  of  the 
Update  Filter  error  covariance  matrix  to  account  for  the  error  reduction 
achieved  by  the  processing  the  update  sensor  data.  When  covariance  matrix  is 
completed  a call  to  Dynamic  Scaling  is  made  to  Improve  the  accuracy  of  the 
covariance  matrix.  There  will  be  two  passes  through  the  Covariance  Matrix  Update 
during  each  execution  of  the  Update  Filter. 


B.3.17.3  Update  Filter  (UFLTR)  Software  Constraints 


TBD 


B.3.17.A  Update  Filter  (UFLTR)  System  Tables 
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1 — 

Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

System 

Table 

025 

(UFGNPARM) 

0 

VGX 

C 

UFSTNC 

e 

Gyro  white  noise  drift 

1 

VGY 

variances  X,  Y,  Z axis 

2 

VG2 

o 

Used  to  compute  state  noise 
covariance  matrix  Wll,  12,  13 

3 

VRX 

UFSTNC 

o 

Gyro  random  walk  drift 

4 

VRY 

' 

variance  X,  Y,  Z axis 

5 

VRZ 

G 

Used  to  compute  state  noise 
covariance  matrix 

System 

Table 

026 

(UFHNP/JLM) 

0 

RLM 

C 

UFSTID 

O 

Measured  threshold  for  star 
radius  squared  from  tracker 
boresight 

0 

Used  to  select  near  or  far 
star  in  UFSTID 

1 

RL 

C 

UFSTID 

9 

FUST  measurement  error 
variance  for  stars  near 
tracker  origin 

9 

Used  in  UFSTID  to  set  FHST 
measurement  variance 

2 

RU 

C 

UFSTID 

9 

FHST  measurement  error 
variance  for  stars  far  from 
tracker  origin 

9 

Used  as  RL  (above) 

System 

Table 

027 

(UFPARMS) 

0 

ST 

* F 

UFMESP 

0 

Scar  tracker  configuration 
flag 

LSD-WTC-263 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

0 - FHST  + FSS 
1-2  FHST 

• 

Used  In  UFHMESP  to  branch  to 
UFSTOC  or  UFSTPF 

• 

Set  by  ground  to  configure  to 
1 niST  and  FSS  or  2 FHST 

1 

FHST 

* F 

o 

Star  tracker  selection  flag 

1 - FHST  ffl 

2 - FHST  ^2 

o 

Used  to  select  which  FHST 
If  ST  (above)  - 0 

2 

PAO 

C 

UFINIT 

0 

Initial  attitude  error 
variance 

1 

4 

PCO 

C 

UFINIT 

Q 

Initial  gyro  bias  variance 

6 

KST 

C 

UFSTC 

O 

Scaling  constant  for  star 
tracker  raw  data 

7 

Cl 

C 

UFSDCR 

o 

Inverse  of  speed  of  light 

8 

TMD 

C 

UFSDCR 

e 

Mean  star  tracker  measure 
manual  time  delay 

o 

Used  in  UFSDCR  to  correct 
measurement  rates  XSD,  YSD 

9 

KS 

C 

UFSTID 

o 

Residual  STD  dev.  mult,  for 
scar  ID  criteria 

! 

10 

RF 

c 

UFSTID 

o 

Star  rotation  angle  tolerance 

o 

Used  in  UFSTID  to  compute 
allowable  orbit  angle 

LSD-'wTC-263 
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Entry 

Name 

TLH  Type 

Using 

Subroutine 

Description 

11 

DRI-1 

C 

UFSTID 

• FUST  #l  rotational 
(Dolta-RllO) 

angle 

12 

DRI-2 

C 

UFSTID 

0 FUST  62  rotational 
(Delta-RllO) 

angle 

13 

RFSS 

C 

UFFSDP 

0 FSS  error  variance 

- 

Syatcmti  Table  #28  (STARCAT) 
0 STRCAT  * F 


TUSR 


CATMAX 

LSIX(NOA) 

LSIY(N('.A) 


UFSTID 


UFSTID 


UFSTID 


UFSTID 


V UFSTID 


V UFSTID 


a Star  catalog  available  flag 

0 - not  available 

1 “ available 

9 Used  to  load  new  star  catalog 
set  by  ground 
reset  by  UFSTID  when  new 
catalog  transferred  to 
UFLTR  data  base 

e Time  to  begin  using  the  star 
catalog  relative  to  software 
time 

0 Used  In  UFSTID  to  execute  new 
star  catalog  use 

9 Number  of  stars  In  catalog 

9 Used  In  UFSTID  to  test  for  end 
of  catalog  (NCAHAX) 

• X component  of  the  (NCA)tli 
star  LOS  unit  vector 

0 Y component  •■'f  tt»e  (NO.A)th 
star  LOS  unit  vector 

» Z.  component  of  the  (NCA)tli 
star  LOS  unit  vector 


LSU-Wl’C-:o  I 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

11 

ISU(NCA) 

V 

UFSTID 

0 

Star  intensity  upper  limit  for 

NCA  tf  star 

12 

ISL(NCA) 

V 

UFSTID 

0 

Star  intensity  lower  limit  for 

NCA  # star 

13 

RS(NCA) 

V 

UFSTID 

0 

NCA  star  orbit  angle 

Entries  5 thru  13  repeated  from  1 to  CATMAX 

System  Table  #39 

(UFSSUVEC) 

0 

XFX(l) 

C 

UFFSDP 

0 

Unit  vectors  along  FSS  axes  in 

1 

XFX(2) 

C 

terms  of  vehicle  X axis 

2 

XFX(3) 

c 

3 

YFX(l) 

c 

UFFSDP 

0 

Unit  vector  along  FSS  axes  in 

4 

\'FX(2) 

c 

terms  of  vehicle  Y axis 

5 

YFX(3) 

c 

6 

ZRX( 1 ) 

c 

UFFSDP 

0 

Unit  vector  along  FSS  axes  in 

7 

ZFX(2) 

c 

terms  of  vehicle  Z axis 

8 

ZFX(3) 

c 

System  Table  #40 

(UFMFCOCl ) 

0 

\ 

CO 

KFXXl(N) 

C 

UFSTDC 

0 

9 coefficients  that  relate 

N»0->8 

magnetic  field  at  FUST  #1  to 

magnetic  torquer  bar  current 

System  Table  #41 

(UFMFCOCZ) 

• 

0-8 

KFXXZ(N) 

C 

UFSTDC 

0 

9 coefflcelnts  chat  relate 

X“0->8 

magnetic  field  at  FUST  #2  to 

magnetic  torquer  bar  current 

• 

System  Table  #42 

(DFISTUVl ) 

0-8 

XTXl(N') 

c 

UFSTDC 

0 

Components  of  FUST  #l  unit 

i 

N-0->3 

vector 

LSD-WPC-2(S3 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

System 

Table  0U3 

(UFISTUV2) 

i 

! 

i 

0-8 

XTX2(N) 

N=0->8 

C 

UFSTDC 

0 

Component  of  FHST  92  unit 
vector 

1 

System 

Table  i>44 

(UFFTCOFl) 

0-18 

C 

UFSTDC 

o 

"A"  coefficient  set  for 
FHST  n 

19-37 

c 

UFSTDC 

d 

"A"  coefficient  set  for 
FHST  in 

o 

1 

Coefficients  for  flat  field  and 
temperature  effects  correction 

i 

System 

Table  t'45 

(UFFTC0F2) 

1 

0-19 

C 

UFSTDC 

"B”  coefficient  set  for 
FHST  91 

i 

1 

19-37 

C 

UFSTDC 

0 

"B"  coefficient  set  for 
FHST  92 

1 

i 

i 

0 

Coefficients  for  flat  field  and) 
temperature  effects  correction  j 

System 

Table  /M6 

(UFICCOFl) 

0-18 

C 

UFSTDC 

9 

"C  coefficient  set  for 
FHST  91 

! 

19-37 

C 

UFSTDC 

0 

"C"  coefficient  set  for 
FHST  92 

1 

i 

- i_ 

9 

Star  intensity  calibration 
coefficients 

I 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

System 

Table 

<?47 

(UFICCOFl) 

0-18 

C 

UFSTDC 

e 

"D”  coefficient  set  for 
FHST  #1 

19-37 

C 

UFSTDC 

e 

”D"  coefficient  set  for 
FHST  #2 

0 

Star  intensity  calibration 
coefficients 

System 

Table 

#48 

(UFCCEMFl) 

0-13 

C 

UFSTDC 

o 

”EB"  coefficient  set  for 
FHST  #1 

19-37 

c 

UFSTDC 

0 

"EB"  coefficient  set  for 
FHST  #2 

38-57 

c 

UFSTDC 

o 

"EH"  coefficient  sat  for 
FHST  #1 

58-75 

c 

UFSTDC 

0 

"EH"  coefficient  set  for 
FHST  #2 

76-94 

c 

UFSTDC 

o 

"EV"  coefficient  set  for 
FHST  #1 

95-113 

c 

UFSTDC 

e 

"EV"  coefficient  set  for 
FHST  112 

0 

Magnetic  field  corrections 
coefficients 

System 

Table 

#49 

(UFCCEMF2) 

• 

0-18 

C 

UFSTDC 

& 

"FB"  coefficient  set  for 

nisT  in 

19-37 

C 

UFSTDC 

0 

"FB"  coefficient  set  for 
FHST  112 
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1 

Using 

Entry  Naae 

TLM  Type  Subroutine 

Description 

1 


32-56 

C 

UFSTDC 

0 

“PH" 

FUST 

coef  f Iclent 
tl 

set 

for 

57-75 

r* 

w 

UFSTDC 

9 

"FH" 

FHST 

coefficient 

#2 

set 

for 

76-94 

c 

USTDC 

0 

“FH" 

FHST 

coefficient 

n 

sec 

for 

95-113 

c 

UFSTDC 

0 

"FH" 

FHST 

coefficient 

#2 

set 

for 

o Magnetic  field  corrections  i 
coefficients  | 


1 

1 


n . 
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1 B.3.17.5  Update  Filter  (UFLTR)  Telemetry 

I 

I 

> 

f 

i 

I 
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1 

Entry 

Number  Name 

Generating 

Subroutine 

Description /Comment 

OBC  TLM  Report  24 

(UFLTR01) 

0-5 

Sl-3 

UFEPGC 

Estimated  roll/pltch/yaw  attitude 
determination  error- 

6-10 

S4-6 

UFEPGC 

Estimated  roll/pitch/yaw  gyro  bias 

compensation  error 

Updated  every  32  seconds 

Used  in  EULER  I (ACS)  to  compute 

EPA  1-4  (Quaternion)  and  THEATBX,Y,Z 

gyro  bias  factors 

12-20  PM11(1,2,3)  UFCMPC  Attitude  error  covariance  matrix 

elements 

Initialized  in  UFIXIT  (if  FITRI 
is  on) 

cleared  to  zero 

element  1,5,9  > PAO  (Table  37)  ! 

Propagated  In  UFCMPC 

Updated  in  UFCMUD 

Scaled  by  SCPll  (TLM  Report  29) 

Used  as  VP1,2,3  in  gain  matrix 
computation  (UFGAIN) 

TLM  Report  25  contains  PMll  (5,6,9) 


24  FHST  UFSTOC/GND 


OBC  TLM  Report  ^ (UFLTR  02) 

0-8  PM11(5,5,9)  UFEPGC 

12-20  PM22(1,2,3)  UFCMPC 


I 


Star  Tracker  Selection  1 FHST  ^1 
2 - FHST  #2 

Set  by  ground  in  FSS  + FHST  mode 
Selected  by  UFSTOC  in  FHST  only  mode 
Used  by  UFSTOC,  UFSTPF,  UFSTDC 


See  TLM  Report  25  entry  12-20  ; 

Gyro  bias  error  covariance  matrix  i 
elements 

Initialized  by  UFINIT  (If  FLTRl  = 1) 
Cleared  to  zero 

element  1,5,9  set  to  PGO  (Table  37)' 
Propagated  In  UFCMPC 
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Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

Updated  by  UFCMUD 

Scaled  by  SCP22  (TLM  Report  29) 

TLM  Report  26  contains  PM22  (5,6,9) 

24 

NFAILl 

UFSTID 

Star  ID  failure  counter  FHST  #1 
Incremented  in  UFSTID  if  ISC 
ISC  “ if  o£  stars  accepted 
If  ISC  ^ 1 NFAIL  1 cleared  to  0 

OBC  TLM  Report  26  (UFLTR  03) 

0-8 

PM22(5,6,9) 

UFCMPC 

See  TLM  Report  25  entry  12-20 

12-20 

PM12(1,2,3) 

UFCMPC 

Attitude  error  and  gyro  bias  error 
cross  covariance  matrix  elements 
Propagated  in  UFCMPC 
Scaled  by  SCP12  (TLM  Report) 

Used  as  VP4,5,6  in  UFGAIN 
PMi2(4-9)  in  TLM  Report  27 

24 

NFAIL2 

UFSTID 

See  TLM  Report  25  FHST  92 

OBC  TUI 

Report  27  (UFLTR 

04) 

1 

0-20 

PM12(4-9) 

UFCMPC 

See  TLM  Report  26  entry  12-20 

OBC  TLM 

Report  28  (UFLTR 

05) 

O-IO 

K(l)-K(6) 

UFGAIN 

Update  filter  gain  matrix  elements 
K(I)  1st  pass 
KI(I)  2nd  pass 

12-24 

KI(1)-KI(6) 

Scaled  by  SCKIL  (low)  and  SCKIH 
(high) 

of  TLM  Report  29 

Used  in  EULER  Parameter  and  gyro 
bias  correction  (UFEPGC) 

! OBC  TLM 

! 

i 

Report  29  (UFLTR 

06) 

i 

1 

1 
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Entry 

Number 

Name 

Generating 

Subroutine 

Descrl ption/Comment 

0-2 

XS,YS 

UFSDCR 

. 

Star  tracker  LOS  vector  components 

along  tracked  X/Y  axis 

Used  in  UFSTID 

ZS  - (1  - (XS-)  - ;yS^)) 

ZS  is  computed  in  UFSDCR 

4-10 

SCPli,12,22 

SCKL/H 

SCKIL/H 

Scaling  Factors 

SCPll  — •>  PMll  (RPT  24/25) 

SCP12  > PM12  (RPT  27) 

SCP22  > PM22  (RPT  23/26) 

SCKL/H  > K (RPT  28) 

SCKIL/H > KI  (RPT  28) 

OBC  TLM 

Report  30  (UFLTR  07) 

0 

TP 

UFSAPC 

Propagation  interval 

TP  » Flight  software  time  - past 

SW  time 

Compared  to  TPD  (delta  prop  int.) 
to  call  UFSTNC  or  not  TPD  is  in  data 
base 

1-3 

Z1,Z2 

UFSTID 
for  FHST 
UFFSDP 
for  FSS 

Sensor  (FhST  or  FSS)  measurement 
residuals 

Scale  -3  for  FHST  only 
-2  for  FHST  and  FSS 
Used  in  UFEPGC 

5-9 

11-15 

Hl(l/2/3) 

H2(l/2/3) 

UFSTID 

or 

UFFSDP 

Elements  of  measurement 
matrix  for  X/Y  measurement 
Used  in  UFGAIN  and  UFEPGC 

17-19 

VSl  ,VS2 

UFSTID 

1 

FHST  X/Y  axis  measurement  residual  ; 

accuracy  criteria 
Used  in  UFSTID 

Used  for  star  acceptance  test 
(SX<VS1 .AND.SY<VS2)  ’ 

21 

RS 

Spacecraft  oibit  rotation  angle  | 

Used  in  UFSTID  ■ 

LSD-WPC-263 
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Entry 

Number 

Name^ 

Generating 

Subroutine 

Descrlptlon/Comment 

Used  to  compute  FHST  orbit  angle 
RT  = RS  + DR  (FHST) 

OBC  TLM 

Report  31  (UFLTR  08) 

0 

THETAM 

UFSTDC 

Star  tracker  compensated  measurement 
Used  In  UFSTDC 
THETAM  “ VV>0*KST 
KST  •»  constant 

VVM3  “ Result  of  calibration 

polynominal  calculation 

2 

PHIM 

UFSTDC 

Fully  compensated  FHST  measurement 
Used  in  UFSTDC 
PHIM  ">  HHM3*KST 
KST  “ constant 

KHM3  ° result  of  cal.  poly.  calc. 

4 

8 

I'.OC 

ZSC 

UFSTDC 

Tracker  star  LOS  unit  vector  along 

tracker  X/Z  axis 

Used  in  UFSDCR 

YSC  in  TUi  Report  34  (1) 

10 

12 

XP 

YP 

UFFSDP 

Compensated  FSS  roll/pitch  axis 
measurement 

Compensated  for  abberation 
Used  in  UFFSDP  to  compute 
measurement  residuals 

14,16 

XPE.YPE 

' UFFSDP 

Expected  FSS  measurement  for  X/Y 
axis 

Used  in  UFFSDP  to  compute 
measurement  residual  and  measurement 
error  variance 

18 

PCOUNT 

UFCMPC 

Count  of  number  of  times  through 
covariance  matrix  propagation 
Initialized  to  zero  when  UFINIT 
executed 

LSD-lVPC-263 
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Entry 

Nutabvc 

Noma 

Canarat Ing 
Subrcmt  Ina 

Daacr Iptlon/ComcM  nt 

9,10 

U 


12 


n 


u 


I 

t 

I 

i 

I 

1 

. ! 


I 

I 


LSTlD-l/2  IIKSTIO 


TRY  UFSTOC 

URSTTF 


l.SC 


Urimt) 


NCA  OF ST 10 


NO AM AX  OK ST 10 

(ONO) 


FASS 


OFMF.SO 


STSOAl'  OFSnO 

vO.NO> 


Ldat  at:*r  ld.srttlfldd  by  FUST  1/2 
ISTR  btJCuisisa  LSTIO  upon  exit  (from 
a tar  teat 

Update  aeuaor  ae()uence  ceimter 

1 «•  data  from  lat  aenaor  l»a3  been 

prooeaaad 

2 " data  from  2nd  aensv'r  baa  beau 

prooeaaad 
Reaet  In  OFMF.SO 

Nimibar  of  sitar.a  In  oat'alos  tl^at  paa.a 
ID  criteria 

InltlallEad  to  0 wban  at.ar  catalog 
antarad 

Incromantad  wban  accaptabla 
raaaanroiuent  raaldviala  found 
If  ISTK  ^ I.STIO  — > ISO  - -I 
prev'onclng  update 

i 

Index  of  .accepted  .at.ar  i 

Incremented  fri'm  I to  NO.XMAX  In  a tar  I 
c.at  a log  aoaicb  ; 

ISOR  " NO.V  wben  atar  accepted  | 

1 

Number  of  atara  In  catalog 

Set  by  grouiul  when  new  atar  catalog  ’ 

lo.tvled 

Ni:.-\  Increment  .a  fn>m  t to  NvWM.VX  j 

I 

ln»!ax  for  gain  matrix  comp. 
InltlalUed  to  0 In  OFHF.SO 
lucrewentinl  In  OFMKSO 
0,-i.-«s  - 1.  lat  .■:en.a^^r  prv'i'ea.-i 
Oaaa  “ 2,  2n.l  .-u'naor  pr.'ccaa 
O.aod  In  UFOAIN  to  aelect  proper 
data  net 


S t a r .a  t a 1 o g r c a d v f I .i  g 

Set  to  \ bv  grov\nd  wben  new  catalog 


H.  .t 
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Entry 

Clumber  Name 

Generating 

Subroutine 

Descriptlon/Commcnt 

is  ready  for  use 

Set  to  0 by  program  when  STARCAT 
BUFFER  moved  into  STAR  CATALOG 

17 

VSD 

UFSTOC 

UFSTPF 

Valid  star  data  flag 

Reset  to  0 in  UFMESP 

Set  to  one  in  UFSTOC  if  FHST  has 

good  data 

Set  to  one  In  UFSTPF  if  FSS  has  good 
data 

Checked  in  UFMESP 

18 

UFDTREQAD 

UFLTR 

Update  filter  data  request  flag 

Set  to  1 to  request  SCP  to  save  data 

set 

Reset  to  0 when  save  is  complete 

19 

ST 

FHST  configuration  flag 

0 - FHST  + FSS 

1 » 2 FHST's 

Set  by  ground  to  switch  into  FSS  + 
FHST  mode 

Checked  in  UFMESP  to  select  FSS  + 
FHST  or  2 niST  SW  path 

OBC 

TLM  Report  33  (UFLTR 

10) 

1 

0 

U 

UFGAIN 

UF  residual  variance 
Used  in  UFGAIN 

5 

UI 

UFGAIN 

Inverse  of  U 

10 

SCU 

UFGAIN 

Scale  of  U 

13 

SCUI 

UFGAIN 

Scale  of  UI 

OBC 

TLM  Report  34  (UFLTR 

111 

YSC 

See  OBC  TLM  Report  31  (4,8) 
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Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

2 

H 

UFSTDC 

FH3T  horizontal  measurement 
Used  to  compute  HHT,  VVT  in 

UFSTDC 

U 

TSTl 

FHST  #1  star  intensity  data 
Obtained  when  SCP  called  to 
data 

save 

5 

V 

UFSTDC 

FHST  vefical  measurement 
Used  to  compute  HHT,  VVT  in 

UFSTDC 

7 

TST2 

FHST  If2  star  intensity  data 
Obtained  when  SCP  saves  data  for  UF 

8,9 

ST1T.ST2T 

UFSTDC 

Temperature  data  from  FHST 

n/1 

Obtained  when  SCP  saves  data  for  UF 


i 

I 
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FLTRI  <1:2> 


SINCE  UFLTR  IS  A 
BACKGROUND  PROCESS 
AND  REQUIRES  200MSEC 
TO  DO-IT  IS  INTERUPTED 
OFTEN.  DATA  IS 
SAMPLED  AND  SAVED 
AT  THE  START  SO  A 
CONSISTENT  DATA 
SET  IS  AVAILABLE 


A REG<1:2> 


REQUEST  SCP 
SAVE  DATA 

UFOTREQD  = 1 


COMPDSAVE 


MVUFDATA 


N ^/^FDTREQD  V 


DATA  SAVE 
COMPLETE 


FLTRI 

* 


XJ  CALL  UFINIT 


CALL  UFSAPC 
(STATE  PROPACATiON 
COM  PJ 


CALL  UFMESP 
(MEASUREMENT 
PROCESS) 


or;g^’JAL  p/'CC 
OF.  POOR  QUALITY 


CALL  UFTEU) 
(TELEMETRY 
PROCESS) 


RETURN 


TELEMETRY  POINT 

aoooooo  SYSTEM  TABLE  ENTRY 

— =“=■  TELEMETRY  POINT  & 
SYSTEM  TABLE  ENTRY 


FIGURE  B. 3. 17-2  UFLTR  Flaw  Chart 


OR/GIr'Al  Pagg  [3 
OF  POOR  QUALITY 


CALLED  BY  UFLTR 
(IF  FLTRI=1) 


ZERO 

VALUES 


INITIAL 

ATTITUDE  ERROR 
VARIANCE 


INITIAL 
GYRO  BIAS 
VARIANCE 


RESET: 

PROPAGATION  INT 
INITIALIZE  FLAG 
PAST  TIME 
P-MATRIX  COUNTER 
K-MATRIX  COUNTER 


TELEMETRY  POINT 
eeooee*  SYSTEM  TABLE  ENTRY 


RETURN 
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UPDATE  FILTER 
INITIALIZATION 


TELEMETRY  POINT  C 
SYSTEM  TABLE  ENTRY 


CALLED  BY  UFLTR 


RESET: 

VALID  DATA  FLC 
TRY  FLC 
PASS  FLC 


UFMESP  1 MEASUREMENT  PROCESSINC 
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n 

TRY 

PAS 

= 0 
= 0 
5 = 0 

STARU  t = XS1B2  2 
TEST  BIT  2 OF 
FHST  #1  DATA 
1=LATA  0=NO  DATA 

’ 

' 

STARU  1 = XS2B2  2 
TEST  BIT  2 OF 
FHST  *2  DATA 
l=OATA  0=NO  DATA 

• 

JL<;^el£CT  fhst  onl^^;>J!1 
^\OR  fhst&fss^^^ 


ORiGfrJAi  p‘‘,r-r- 

• quality 


— TELEMETRY  POINT 
•••  SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  E 
SYSTEM  TABLE  ENTRY 


CALL 
UFSTPF 
FHSr  E FSS 


CALL 
UFSTOC 
FHST  ONLY 


yjD=i  , 

val1d~data  ? 


PASS=PASS  *■  1 


VSD  SET  IN 
UFSTPF  OR  UFSTOC 


CALL 
UFCAIN 
CAIN  COMP. 


EACH  SENSOR  PRODUCES 
2 MEASUREMENTS  FOR 
PROCESSINC 


RETURN 


CALL 

CALL 

UFCMUD 

UFEPCC 

N 

MEASUREMENT' 


FIGURE  B.3.17— 5 UFMESP  Flow  Chart 
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OF  QUALITY 


UFSTOC 


CALLED  BY  UFMESP 


STAR  TRACKERS  ONLY 


TRY=TRY  + 1 
2 PASSES 


FH5T  (TABLE  (»37)  ( INITIAL) 
selected  BY  SOFTV/ARE 
TO  SENSOR  THAT  HAS 
CONE  LONGEST  WITHOUT 
PROVIDING  DATA 


FHST=3-FHST 

SET  PREFERRED 
TRACKER  TO 
OTHER  TRACKER 


STARU(FHST)  = IT 
DATA  Pf^ESENT  IN 
PREFERRED  SENSOR, 


CALL 
UFSTDC 
FHST  CALIB 


TB1  = 2? 

2ND  PASS 


CALL 

UFSDCR 

FHST  CORRECT. 


FHST  = 3-FHST 


SET  PREFERED 
TRACTER  TO 
OTHER  TRACKER 


CALL 
UFSTID 
STAR  ID 


SET  IN  UFSTID 


STAR  COUNT 


TELEMETRY  POINT 


SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  t 
SYSTEM  TABLE  ENTRY 


ysD=i 

VAlTd  DATA: 


FIGURE  B.3.17— 6 UFSTOC  Flow  Chart 
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CALLED  BY  UFSTPF  OR  UFSTOC 


OF  POOR  QOALliY 


MOVE  STARCAT 
BUFFER  TO 
STr,R  CATALOG 


R=RL 

ERROR  VARIANCE 
FOP.  NEAR  STAR 


R1=R2=R 


■ 

' 

1 R=RLi 

1 ERROR  'MRIANCE 
FOR  FAR  STARS 

■’  "■  I 

■ 

COMPUTE; 

- MEASUREMENT  RESIDUAL 

STD  DEV. 

- ACCEPTANCE  ACC. 

- TRANSFORM  TO  ECl 

- S/C  ORBIT  ANCLE 


“1 


RT=RSi-DR(FH5T) 

SET  TRACKER 
ORBIT  ANCLE 


TELEMETRY  POINT 

SYSTEM  TABLE  E.I7RY 

* TELEMETRY  POINT  6 

SYSTEM  TABLE  ENTRY 


RT=RT+TWO.-’: 

j 1 

ADO  2:; 

' 1 
! 

RSU=RT^RF 
rsl=rt-rf’ 

I ALLOWABLE  ORBIT  | 
ANCLE  LIM’TS 


Y 

0 


( 
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FIGURE  B. 3. 17-9  UF5TID  Flow  Chart  (continued) 
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F I GURE  B.  3,  1 7— 9 UFSTID  Flow  Chi3rt  (continued) 

B. 3-330 


FIGURE  B. 3. 17-10  UFSTPF  Flow  Chart 


D. 3-3S1 


31 


OF  POOR  quality 


CALLED  BY  UFSTPF 


FSS  DATA 
PROCESSING 


CALL 
ABER  8 

COMPUTE  AB3ER 
VELOCITY 


r. 


TRANSFORM  TO  VEH.  COORD. 


COMPUTE  ABBERATION  CORRECTIONS 
COMPENSATE  FSS'MEASURE  FOR  ABBER. 


COMPUTE  SUN  LINE  VECTOR 
COMPUTE  EXPECTED  FSS  MEASURE 
COMPUTE  RESIDUALS 


COMPUTE  MEASUREMENT  MATRIX 

COMPUTE  MEASUREMENT  ERROR 
VARIANCE 

, J 

I 


— 

V RETURN 


FIGURE  B. 3. 17-11  UFF5DP  Flow  Chart 


. 3-382 


SVS-10266 
Appendix  B 
December  1981 


B 


OtViGilikL  i ; rj 
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PASS  I- 
PASS  2- 


-o-  1st  SENSOR 
-e-2st  SENSOR 


^ UPCAIN  ^ 


CAIN  MATRIX  COMPUTATION 


^ RETURN  ^ 


— TELEMETRY  POINT 

SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  6 

SYSTEM  TABLE  ENTRY 


rIGURE  B. 3. 17-12 


UFGAIN  Flow  Chart 


3-383 
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OF  POOR  QUALITY 


^ UFEPCC 


EULER  PARAMETER  AND  GYRO  BIAS 
CORRECTION 


I 

TELEMETRY  POINT 

eoooe.o  SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  £ 
SYSTEM  TABLE  ENTRY 


FIGURE  B. 3. 17-13  UFEPGC  Flow  Chert 
B, 3-384 
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^ RETURN  ^ 


TELEMETRY  POINT 

ooo«ooo  SYSTEM  TABLE  ENTRY 

TELEMETRY  POINT  & 

SYSTEM  TABLE  ENTRY 


FIGURE  B. 3, 17-14  UFCMUD  Flow  Chart 


B. 3-3B5 
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B.3.18  TELEMETRY  MONITOR/RESPONSE  PROCESSOR  (TMRP) 

B. 3. 18.1  Telemetry  Monitor/ Response  (TMRP)  Processor  Description 

Telemetry  Monl tor/Response  Processor  (TMRP)  is  a generalized  limit  checking  and 
group  response  program  chat  is  initialized  by  Flight  Executive  every  16.384 
seconds.  The  software  is  table  driven.  The  TMON  processor  is  summarized  in 
Table  B. 3. 18-1.  TMRP  can  be  used  to  perform  three  safety  actions;  (1)  report 
when  a specified  set  of  conditions  are  met,  (2)  turn  subsystems  off  when  their 
critical  limits  are  exceeded,  (3)  implement  thermostatic  functions  (turn  heater 
ON/OFF).  These  actions  will  be  reported  to  the  ground  by  a status  buffer  array. 
The  following  steps  will  be  taken  to  determine  proper  action.  The  output  tables 
will  be  initialized  with  zero's  and  the  input  tables  will  be  verified  and 
Initlalzed.  Every  16.384  seconds  selected  groups  of  telemetry  items  will  be 
compared  to  their  preset  bits  or  limits  on  a group  by  group  basis,  starting  with 
the  first  group  and  ending  at  the  seventy-fifth  group.  Within  each  group  the 
telemetry  items  will  be  compared  to  their  preset  bits  or  limits  in  a sequential, 
fashion.  There  is  no  restric.-lon  in  the  number  ot  times  an  item  can  be  sampled. 
The  number  of  items  which  can  be  specified  for  a given  group  is  only  limited  by 
the  table  size.  An  item  can  be  any  main  frame  telemetry  point  or  any  NSSC 
memory  location.  When  a group  has  checked  out  of  limits  three  consecutive  times 
(approximately  48  seconds  at  the  8 kbps  rate  and  2 minutes  at  the  1 kbps  rate) 
the  ground  segment  will  be  notified  (at  the  end  of  checking  all  groups)  and  TMRP 
will  Inhibit  Itself  from  further  executions.  If  this  occurs  the  ground  segment 
must  uplink  a new  table  and  reenale  the  TJ-IRP.  The  ground  segment,  however,  can 
reenable  the  group  for  limit  cnecklng  or  inhibit  a group  from  limit  checking, 
inhibit  groups  from  sending  commands  or  reenable  groups  for  sending  commands. 

Information  about  the  check/response  of  tables  will  be  reported  via  both  the  OBC 
contribution  to  telemetry  and  the  Flight  Executive  status  buffer,  regardless  of 
whether  any  comniands  are  Issued  or  not. 
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Table  B. 3. 18-1.  Telemetry  Monitor  (TMON) 

Telemetry  Monitor 

Number:  16 

Type:- 

Priority:  3 
Period:  16.384 

Function: 

Subroutines : 

TIN  IT 
TVERIFY 
TCNTRL 
TCHECK 
TREACT 

Systems  Tables: 


If 

Mnemonic 

Description 

28 

TMJIEQCMD 

Real  Time  Cmds  for  TMON 

29 

TMCRUPS 

Group  Definitions  for  TMON 

30 

TMITEMS 

Item  Definitions  for  TMON 

Telemetry ; 

OBC  Reports  44,  45,  46 


TMON  Initialization  Processing 
TMON  Table  Verification 
TMON  Control  Processing 
TMON  Compare  Processing 
TMON  Reaction  Processing 


p 
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B. 3.18.2  Telemetry  Monltor/Reeponse  (TMRP)  Processor  Operation 
3.3.18.2.1  "mON  (Telemetry  Monitor) 

TMON  Is  the  main  controlling  routine  for  check/response  of  groups  ' and  Items 
tables.  The  Flight  Executive  Invokes  TMON  every  16.384  seconds.  When  TMON  Is 
entered  the  Executive  passes  It  a code  in  the  accumulator.  If  either  bit  I or  2 
of  the  accumulator  Is  on  (=1)  the  status  buffers  are  set  to  zero  and  the  group 
and  Item  table  are  verified  If  flag  TINITFLAG  is  greater  than  zero.  After 
checking  the  tables  If  an  error  is  detected  by  checking  flag  TINITFLAG  NOT  equal 
to  a negative  one,  control  will  be  returned  to  the  Flight  Executive.  If  no 
errors  are  detected  (TINITFLAG=1)  the  current  telemetry  rate  is  set  and  frame 
counter  is  set  for  use. 

Next  TMON  checks  for  a ground  command  for  control  of  a given  group.  Then  the 
frame  counter-  Is  set  to  8 kbps  or  1 kbps  by  the  telemetry  rate  and  group  and 
items  table  limits  are  checked.  After  checking  all  75  groups  and  setting  the 
status  array  control  is  given  back  to  the  Flight  Executive. 

E. 3. 18. 2. 2 TINIT  (Telemetry  Monitor  Initialization) 

The  inlciallzation  component,  TINIT  is  called  by  TMON  and  performs  the  following 
functions: 

1.  sets  the  status  buffer  to  zero, 

2.  controls  the  call  to  the  verification  routine  to  verify  group  and 
items  tables, 

3.  sets  the  initialization  and  error  flag. 

B. 3. 18. 2. 3 TVERIFV  (Table  Verification  and  Initialization) 

TVERIFY  is  called  by  TINIT  to  verify  and  initialize  the  entries  of  the  group  and 
item  tables,  TMGRUPS  and  TMITEMS . The  entries  will  be  validated  and  initialized 
sequentially,  starting  with  the  entries  for  the  first  group.  If  an  invalid 
entry  is  encountered  in  either  table,  TMERROR  will  be  set  to  a non-zero  value. 

B. 3. 18. 2. 4 TCNTRL  (Telemetry  Control) 

The  component  TCNTRL  is  called  when  control  of  a group  is  requested  by  the 
ground  segment.  The  subroutine  first  checks  to  see  if  the  number  of  the  group 
to  be  controlled  is  valid.  If  it  Is  not,  the  control  error  bit  for  each  of  the 
groups  will  be  set  to  one  (bit  6 of  TMRSTAT3  (I)  1=1,  75).  If  It  Is  valid,  the 
control  bits  will  be  set  as  specified  by  bits  10  and  11  of  TMREQCMD . Bit  13  of 
TMREQCMD  will  be  set  and  p rogram  cont rol  will  be  returned  to  the  caller. 
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B. 3. 18. 2. 5 TCHECK  (Telemetry  Check) 


The  component  TCHECK  Is  called  whenever  a group  is  enabled  for  limit  checking. 
Its  function  is  to  compare  the  items  to  their  associated  limits  or  bits  and  take 
the  appropriate  action.  The  items  will  be  retrieved  and  compared  to  the 
specified  limits  or  bits  in  a sequential  fashion,  starting  with  the  first  item, 
until  the  group  is  determined  to  be  in-limit  or  out-of-limit. 


B. 3. 18. 2. 6 TREACT  (Telemetry  Reaction) 

The  component  TREACT  is  called  whenever  a group  checks  out-of-limits.  TREACT 
tests  Che  out-of-ll-nl ts  counter  to  see  if  the  group  checked  out-of-limits  three 
consecutive  times.  If  the  test  falls,  program  control  is  returned  to  TCHECK 
immediately.  If  Che  test  is  successful  the  time  and  group  ID  are  stored  in  the 
status  buffer. 


The  next  thing  TREACT  does  is  check  if  the  group  ts  enabled  for  sending 
commands.  If  the  group  is  not  enabled  from  sending  commands  the  routine  will 
inhibit  Che  group  from  being  limit  checked.  If  the  group  is  enabled  for  sending 
commands,  Che  specified  RTS  will  be  activated,  or  the  Flight  Executive  will  be 
called  CO  issue  the  specified  block  of  predefined  comnuands.  In  either  case,  the 
stored  commands  inhibitors  (if  any)  will  be  set  and  program  control  v-rill  be 
returned  to  the  caller.  The  ground  segment  can  instruct  TMON  to  reenahle  the 
group  for  limit  checking. 

B. 3. 13. 2. 7 Telemetry  Monitor  Examples 

This  section  will  give  the  user  three  examples  of  how  telemetry  groups  are 
checked  in  TCHECK.  To  show  these  examples  we  use  Table  i^30  which  defines  how 
bits  of  TMITEMS  are  used,  and  Table  B.3.10-2A  which  defines  the  Telemetry 
Monitor  Decision  Table.  These  examples  are  stated  below.  Table  B. 3. 18-2  shows 
Che  examples  as  logic  statements  and  defines  the  bits  in  TMITE.MS  along  with  the 
branching  of  TCHECK. 


Example  1;  Check  four  telemetry  limits. 

group  is  out  of  limits. 


If  all  four  are  out  of  limits  then  the 


Example  2:  Check  four  telemetry  limits.  If  the  first  three  check  out  of  limits 

Che  group  is  out  of  limits.  If  the  4th  checks  out  of  limits  Che 
group  is  out  of  limits. 


Example  3:  Check  four  telemetry  limits.  If  either  one  of  the  first  two  check 

out  of  limit  sec  the  error  flag,  and  if  both  of  the  last  two  check 
out  of  limits  Che  group  is  out  of  limits. 
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Example  2: 


Table  3.3.18-2. 

tcheck',  AUD, 

TLM  1 < Limit  1 
.AND. 

TLM  2 > Limit  2 
.AND. 

TLM  3 » Limit  3 

.OR. 

TLM  4 = Limit  4 
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(TMITEMS)  Bit  Definition  (Continued) 

T-tITEMS  Bit  Definition  by  Examples 


.MD.  and  .OR.  represent  circuit  logical  operators 


TMGRL’PS(I) 
Number  of  Levels 

TM ITEMS  Bits 
9-7  6-4  3-1 
(See  Note  1) 

TCHECK 

Condition 

Met 

SR^LNCHING 

Condition 
Not  Met 

2 

2 

0 

2 

Check  next 

item 

Go  to  next 

level 

1 

0 

2 

Check  next 

item 

Go  to  next 

level  1 

4 

0 

1 

Call  TR;\CT 

Go  to  next 

level  ; 

I 

i 

4 

1 

4 

Call  TRACT 

Reset  coun 

1 

*See  Note  1 
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Table  B. 3. 18-2.  (TMITEMS)  Bit  Definition  (Continued) 

TCHECK,  AND,  TMITEMS  Bit  Definition  by  Examples 

Example  3:  TLM  1 = Limit  1 

.OR. 

TLM  2 > Limit  2 

.OR. 

TLM  3 < Limit  3 
.AND. 

TLM  4 > Limit  4 

.AIID.  and  .OR.  represent  circuit  logical  operators 


TMGRUPS(I) 

TMITEMS  Bits 

TCHECK  BRANCHING 

Number  of  Levels 

9-7 

6-4 

3-1 

Condition 

Condition 

(See 

Note 

1) 

Met 

Not  Met  j 

3 

4 

0 

1 

Call  TREACT 

i 

Go  to  next  level! 

1 

1 

1 

Call  TREACT 

Go  to  next  level 

i 

2 

2 

0 

Check  next  item 

Reset  counter  j 

1 

2 

4 

Call  TREACT 

Reset  counter 

*See  Note  1 

These  examples  are  written  to  show  how  TCHECK  branches  based  on  information 
stored  ir  bits  9-1  of  TMITEMS.  THis  section  is  not  written  to  show  hew  TMITEMS 
tables  are  set  up  or  to  explain  group  levels,  only  to  show  how  TCHECK  reacts  to 
information  it  receives. 

Note  1 

Bits  9-7  of  TMITEMS  tells  TCHECK  what  comparison  to  make  with  the  test  points 
and  its  out-of-llmi ts  value.  (1  = greater  than,  2 = less  than,  4 = equal  to) 

Bits  6-4  of  TMITEMS  tells  TCHECK  how  many  levels  or  subgroups  are  to  be  compared 
together  (0-7) 

Bits  3-1  of  TMITEMS  cells  TCHECK  how  to  branch  and  when  to  go  Co  a new  group 
(Bit  3-1.  = 4 means  new  group) 
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Table  B.3.18-2A 

Telemetry  Monitor  Decision  Table 


Logical  Operator  Action 

Number 

Bits  1-3  of  TMITEMS  Word 

1 

Condition  Test 

“0  “1 

-4 

j 

Test  is  True 

A C A B 

C 

Test  is  False 

D A B A 

D 

Action  Take 


A “ Check  the  next  Item 
B = Jvaap  to  the  next  ^roup  level 
C ■ Perform  out  of  limits  processing 
D ="  Perform  in  limits  processing 

NOTE:  Bits  1-3  of  TMITEMS  will  be  set  to  “4“  to  Indicate  the  last  level  of  a 

group. 
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Table  B. 3. 18-3.  (TMREQCMD)  Bit  Definition 
TMREQCMD  is  a 18  bit  word  numbered  18-7 
Bit  18  shows  CMD  processed  =1 
Bit  17-12  unassigned 

Bit  11-10  Enable/Inhibits  TMON  from  limit  checking  or  sending  commands 

00=  ENA  CHECKING  AND  CMOS 

01“  ENA  CHECKING  AND  INH  CMOS 

10=  INH  CHECKING  AND  ENA  CMDS 

1 1 = INK  CHECKING  AND  CMDS 

Bit  9-8  Unasslgned 

Bit  7-1  Indicates  group  number  (1-75) 

Bits  11-10  of  TMREQCMD  are  passed  to  word  1 of  TMGRUPS  bits  18  and  17 
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TMCRUPS 
Word  1 
Word  2 
Word  3 
WORD  _1 
Bit  13 
Bit  17 
Bit  16 
Bit  15- 
Bit  13- 
Bit  9 

Bit  8-1 
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Table  3.3.18-4.  (TMCRUPS)  Bit  Definition 
contains  3 words  each  having  18  bits  numbered  18-1 

contains  Information  about  test  done/to  be  taken  by  TMON 
contains  inhibitor  STORED  CMDS  number 
contains  telemetry  item  to  be  checked 

enables /inhibits  group  from  limit  checking  (0  ° enable)  - 
enaoles/inhibl ts  from  sending  commands  (0  “ enable) 
indicates  telemetry  point  check  In/out-of-limics  (0  = in) 

14  number  of  successive  times  the  specified  conditions  were  met 

10  unassigned 

tells  whether  to  send  predefined  block  of  CMDS/ACTIVATE  on  RTS  (0 
" predefined  block) 


Bit  18-14 


give  RTS/predef ined  block  CMD  number 
OF  TMCRUPS  WORD  1 passed  to  TMRSTATS  bits  5-1 
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Table  B. 3. 18-4.  Bit  Definition  (TMCRL'PS)  (Continued) 


WORD  2 
Bit  18-13 
Bit  12-9 

Bit  8-5 

Bit  4-1 

WORD  3 
Bit  18-1 


unasslgned 

3rd  stored  CMD  Inhibitor,  If  any,  to  be  set  when  the  group  checks 
out-of-liml ts 

2nd  stored  CMD  Inhibitor,  If  any,  to  be  set  when  the  group  checks 
out-of -11  talcs 

1st  stored  CMD  Inhibitor,  if  any,  to  be  set  when  the  group  checks 
out-of-lltnl  ts 


First  Word  Address  (FWA)  of  the  entry  for  the  first  telemetry 
Item  to  be  checked 
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Table  B. 3. 18-5.  (TMITEMS)  Bit  Definition 
TMITEMS  contains  4 words  each  having  18  bits  numbered  18-1 
WORD  1 Used  while  limit  checking  telemetry  items  in  the  tables 


WORD  2 

DATA  MASK 

WORD  3 

give  limiting  value 

WORD  4 

Telemetry  address 

WORD  1 

- 

Bit  18-10 

unasslgned 

Bit  9-7 

Type  of  comparison  to  be  made  1 •»  greater  than,  2 ° less  than,  4 
“ equal  to 

Bit  6-4 

level  number  or  subgroup  number  from  0-7 

Bit  3-1 

The  action  to  be  taken  after  limit  checking  4 = end  of  group. 

WORD  2 

Bit  18-1 

DATA  M.ASK 

WORD  3 

Bit  18-1 

limiting  value/expected  bits 

WORD  4 

Bit  18 

Retrieve  item  from  specified  absolute  address  or  main  telemetry 
(0  “ specified  address) 

Bit  17 

unasslgned 

Bit  16-1 

Absolute  address,  or  main  telemetry  column  number  for  the  Item  to 
be  checked- 

. 3-397 
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B.3.18.3  Telemetry  Monitor /Response  (TMRP)  Software  Constraints 
TBD 


B.3.18.4  Telemetry  Monitor/Response  (TMRP)  System  Tables 

The  Telemetry  Monitor  uses  Flight  Software  System  Tables  number  28,  29  and  30. 
Table  #28  contains  the  controls  that  the  ground  wants  TMON  to  monitor  while 
limit  checking  groups.  Table  #29  contains  Information  about  the  groups  that 
TMON  Is  monitoring  Table  #30  give  TMON  the  parameter  to  use  for  limit  checking 
each  group. 
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Entry 

Nome 

TLM  Type 

using 

Subroutine 

Description 

OBC  System 

Table  //28 

(TMREQCMD) 

0 

TMREQCMD 

P 

TMON 

Command  to  control  the  limit 
checking  for  a.  group 

TCNTRL 

Bit  18  a l“command  processed 
0“NO  COMMAND  from  ground 

TCNTRL 

Bits  7-1  gives  the  number  of 
the  group  to  be  controlled 

1 

i 

1 

TCNTRL 

Bits  11-10  give  the  function 
to  be  controlled 

1 

1 

Bits  8,  9 unassigned 

, 
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— 

Using 

Entry 

Name 

TLM  Type 

Subroutine 

Description 

OBC  System 

Table  919 

(TMGRUPS) 

0 

TNUMGRPS 

P 

TMON 

Number  of  groups  to  be 

TCNTRL 

processed 

Group  Word  entries 

1 

TMGRUPS 

P 

TMON 

Bit  18  a 0=enabled  for  limit 

1 

TCNTRL 

checking.  l“lnhlblted  from 

T REACT 

limit  checking  (this  word 
sequence  can  be  repeated  75 
times). 

TMON 

Bit  17  a 0*>enabled  for  sending 

TCNTRL 

commands.  l=>inhibited  from 

TREACT 

sending  commands 

! 

TMON 

Bii:  16  a S^in  limits.  i“Out  1 

TCNTRL 

TQIECK 

TREACT 

of  limits 

1 

j 

i 

1 

TMON 

Bit  15  and  14  - number  of 

i 

TCNTRL 

successive  times  the  specified 

1 

! 

TCHECK 

conditions  were  met 

1 

1 

1 

t 

1 

! 

TREACT 

Bit  13,  12,  11 , 10  - 
unassigned 

i. 

r.?ERIFY 

Bit  9 a 0“lssue  block  of 

i 

1 

TREACT 

predef 1 ned  commands  Inactivate 
on  RTS 

) 

TVERIFY 

Bits  8 to  1 - RTS  predefined 

1 

TREACT 

command  block  number 

i 2 

TMCRUPS 

P 

TREACT 

Bits  12  to  9 - gives  the 
number  of  Che  third  scored 
CMD  inhibitor,  if  any,  to  be 
sec  when  the  group  ch.ecks 
ou  t-of-1 iai cs 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

2 

TMGR'JPS 

P 

TREACT 

Bits  8 to  5 - give  the  number 
of  the  second  stored  cmd- 
Inhibitor,  if  any,  to  be  set 
when  the  group  checks  out- 
of-limits 

TREACT 

Bits  4 to  1 give  Che  number 
of  the  first  stored  CMD 
inhibitor,  if  any,  to  be  set 
whan  the  group  checks  out- 
of-limits 

3 

TMGRUPS 

P 

TVERIfY 

TCHECK 

Bits  18  to  1 - FWA  of  the 
entrry  for  the  first  TLM  item 

to  be  checked 


} 

{ 


r 


i 


J 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

OBC  System  Table  //30 

0 tnumitm's 

(TMITEMS) 

P 

Number  of  TLM  items  to  be 
processed 

1 

TMITEMS 

? 

Items  word  entries 

Bits  18-10  unassigned 

TVERIFY 

Bits  9 to  7 - Type  of  compare 
to  be  made.  l=greater  than, 
2=less  than,  3=equal  to 

TVERIFY 

TQIECK 

Bits  6 to  4 - Level  number 
for  up  to  8 levels  pregroup 
from  0-7 . 

TVERIFY 

TQIECK 

Bits  3 to  1 specifies  the 
action  to  be  taken  if  a 
group  checks  IN/OUT  of  limits 
(up  to  967  repeats  of  this 
word  group)  a 4 in  bits  3-1 
indicates  the  end  of  the 
group. 

2 

TMITEMS 

P 

TCHECK 

Bits  18  to  1 Data  mark 

3 

TMITEMS 

P 

T CHECK 

bits  18  to  1 limiting 
value/expecteU  bits 

4 

TMITEMS 

P 

Bit  18  a 0=retrieve  item 
from  specified  absolute 
address.  l=retrieve  item 
from  main  telemetry 

Bit  17  - unassigned 

' 

• 

TCHECK 

Bits  16  to  1 - absolute 
address,  or  main,  telemetry 
column  number,  for  the  item 
to  be  checked. 

rs 
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B.3.18.5  Telemetry  Monitor/Response  (THRP)  Telemetry 

TMON  monitors  Information  from  OBC  System  Table  H29  and  30.  These  tables  are 
checked  by  group  number  and  errors  or  out  of  limits  conditions  Information  Is 
passed  to  the  ground  segment  thru  OBC  Telemetry  Report  fM7 , A8  and  49.  Data 
Format  Control  Book  Volume  II  (Telemetry)  gives  detail  of  format. 
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Entry 

Number 

Name 

Generating 

Subroutine 

Descript ion/Comment 

OBC  Telemetry 

Report  i>47 

r 

TMSTATS 

TRACT 

Bits  18-10  used  by  OBC 

to  record  time  of  three  j 

consecutive  errors 

1=1-25 
(Group  #) 

TVERIFY 

Bit  8 - errors  in 

the  number  of  maximum 

groups  ! 

1 

TVERIFY 

Bit  7 - error  In  RTS  j 

number  i 

j 

TCNTR  L 
TVERIFY 

Bit  6 - Invalid  group  j 

number 

• 1 

. 

TCNTRL 

TNON 

Bit  5 OFF^enabled  for  j 

limit  checking 
ON=inhibited  from  limit 
checking 

■ 

TCNTRL 

TMON 

Bit  4 OFF=enabled  for 
ending  C>[DS  ON=inhibited. 

from  sending  CMDS 

' 

TCNTRL 

T>{ON 

Bit  3 0FF=in  limits 
0N=ou  t-of-ilini  Cs 

' 

TCNTRL 

TMON 

Bit  2-1  - number  of 
times  the  group  checked 
out-of-liml ts 

*OBC  TLN  R 
Che  same 

eport  ;/43,  and  • 
bit  idencificati 

^9  give  information  on  group  26  thru  75  with 
on 

B 


^04 
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B.3.18.6  Telemetry  Monltor/Response  (TMRP)  Flov  Charts 


B. 3-40^ 
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F/GURE  B. 3. 18-1  TMRP  top  love!  Flov.'  Chart 
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OE  POOR  QUALITY 


TELEMETRY  POINT 

...  SYSTEM  TABLE  ENTRY 


TELEMETRY  POINT  & 
SYSTEM  TABLE  ENTRY 


FIGURE  3.3.18-4  TCNTRL  Flow  Chart 
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FIGURE  B.3.1G-5  TVERIFY  Flow  Chart 


B. 3-410 
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FIGURE  B. 3. 18-6 


TCHECK  Flow  Chart 
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B.3.19  SOLAR  EPHEMERIS  COMPUTATION  (SEPHEM) 

B. 3. 19.1  Solar  Ephemerls  Computation  (SEPHEM)  Processor  Description 

The  Solar  Ephemerls  Computation  module  Is  comprised  of  one  routine  SEPHEM.  It 
is  called  by  the  executive  every  614.4  seconds.  This  module  computes  the 
direction  cosine  of  the  Sun  Pointing  Unit  Vector  (SIX,  SIX,  SIZ)  used  by  the  ECI 
Attitude  Update  (EClUPD)  of  the  ACS  processor  and  FSS  Data  Processing  (OFFSDP) 
of  the  Update  Filter  Module.  It  also  computes  Mean  Earth  Orbital  Velocity  (VEX, 
VEY,  VEZ)  which  is  used  in  UFFSDP  of  the  Updcte  Filter..  Table  B. 3. 19-1. 
summarizes  the  SEPHEM  processor. 
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Table  B. 3. 19-1.  Solar  Ephemeris  Processor  (SEPHEM) 


Number: 

19 

Priority: 

17 

Execution: 

614.4  sec 

System  Table: 

62 

Telemetry: 

OBC  TLM  Report  )?43  SEPHEMOl 

- 

Function: 

Compute; 

SIX,Y,Z  - Sun  Pointing  Vector 
VEX,Y,2  - Mean  Earth  Orbital  Velocity 
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B.3.19.2  Solar  Ephemerls  Computation  (SEPHEM)  Processor  Operation 

The  flowchart  In  Section  B.3.19.6  shows  In  detail  the  operation  of  the  SEPHEM 
routine. 

B.3.19.3  Solar  Ephemerls  Computation  (SEPHEM)  Software  Tonstraints 
TBD 

B.3.19.4  Solar  Ephemerls  Computation  (SEPHEM)  System  Tables 
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B.3.19.5  Solar  Ephemerls  Compntaclon  (SEPHEM)  Telemetry 


Entry 

Number 

Name 

Generating 

Subroutine 

Description/Comment 

1 

1 

OBC  TLM  Report 

i?43  SEPHEMOl 

0 

TSOL 

SEPEHM 

Solar  ephemerls  time 

4 

L 

SEPHEM 

Solar  true  longitude 

7 

SIX 

SEPHEM 

X component  of  direction 
cosine  of  sun  pointing 
vector 

11 

SIY 

SEPHEM 

Y component  of  direction 
cosine  of  sun  pointing 
vector 

15 

SIZ 

SEPHEM 

Z component  of  direction 
cosine  of  sun  pointing 
vector 

19 

VEX 

SEPHEM 

X component  of  mean  earth 
orbital  velocity 

21 

VEY 

SEPHEM 

Y component  of  mean  earth 
orbit  velocity 

23 

VE2 

SEPHEM 

Z component  of  mean  earth 
orbital  velocity 

' 
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B.3.19.6  Solar  Ephemerls  Computation  (SEPHEM)  Flow  Charts 


B. 3-418 
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FIGURE  B. 3. 19-1  SEPHEM  Flow  Chart 
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B.3.20  COMMAND  TEST  (CMDTST) 

B • 3 . 20 . 1 Commend  Teat  (CMDTST)  Proceaaor  Dcacript ion 

The  Commend  Teat  (CMDTST)  proceasor  will  send  commends  to  the  OBC  and  tost 
whether  they  are  received  correctly.  It  will  also  check  for  spurious  commands 
received  and  not  sent  by  CMDTST  as  well  as  for  commands  lost  or  garbled.  Errors 
discovered  are  reported  via  the  OBC  Status  Buffer  and  Executive  Telemetry 
Report.  If  commands  sent  do  not  equal  commands  received  a report  with  ID  A2  la 
placed  in  the  OBC  status  buffer  along  with  the  number  of  commands  lost  (Neg.  t) 
or  number  of  spurious  commands  (Pos  S)  rocolvod.  If  a command  sent,  is  not 
received  as  sent  bit  54  in  the  executive's  contribution  to  telemetry  is  set  to 
1.  Both  errors  stop  the  computer  status  monitor  (I'm  OK  signal)  causing  an  OBC 
shvitdowi  and  safehold  mode.  CMDTST  is  summarized  in  Table  B. 3. 20-1. 
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B.3.20.2  Command  Tesc  (CMDTST)  Processor  Operation 

The  flowchart  in  Section  B. 3. 20-6  provides  a detailed  description  of  processor 
operation. 

B.3.20.3  Command  Test  (CMDTST)  Software  Constraints 
TBD 

B.3.20.4  Command  Test  (CMDTST)  System  Tables 
None 

B.3.20.5  Command  Test  (CMDTST)  Telemetry 

An  error  In  CMDTST  is  reported  via  OBC  TLM  Report  ?39,  Flight  Executive 
Contribution  to  TLM,  bit  54.  If  this  bit  Is  set  to  I this  means  a command  test 
has  failed. 

B.3.20.&  Command  Teat  (CMDTST)  Flow  Charts 
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CHJOCOUNTsO 


SET  UP 
NEW  CMD 


SWITCH  OJT 
PATTERN  , 


^ CMOTST  ^ COMMAND  TEST 


GET  • OF  OIOS  RCVO 


COMPARE  TO  • OF  CMOS  SENT 


\ 

CET  RCVO  CMO 

CET  SENT  CMD 

TO  SENT  CMO. 
YES  ^CVO  C^lb\NO 


ADO  CMO 

TO  CMD  STACK  ^ SEND  CMO 

FOR  St-.NQINC 


WORKsQRCOUN 

T-CMDCOUNT 

STORE  RE 
STATUS 
WITH  • OF 

PORT  IN 
BUFFER 
CMOS  LOST 

• OF  lost  OR 
SPURIOUS  COMMANDS 


CMOCOUNT 

ORCOUNT 


INCREMENT 

CMO  counterJ  cmdcount=cmocount*i 


"5" 


STOP  SENDING 
COAIPUTER  status 
MONITOR  SIGNAL 
ri'M  OK-  SIGNAL) 


SET  OIT  58 
IN  EXEC  STATUS 
REPORT 


f- HARDWARE  SHUT  OFF 

OF  OBC 


Figure  B-3.20-1.  CMDTST  Flow  Chart 
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B.3.21  MEMORY  CHECK  (MEMCK) 

B . 3 . 2 1 . 1 Memory  Check  (MEMCK)  Processor  Description 

MEMCK  execates  every  65.536  seconds  to  perform  a checksum  test  on  a designated 
area  of  OBC  moaory.  It  calculates  a checksum  by  exclusive  OR'ing  all  the  words 
in  an  area  of  memory,  designated  by  entries  In  System  Table  14  (QLIMITS).  This 
checksum  Is  compared  to  a ground  loaded-  value  In  System  Table  13  (QMEMCK).  If 
this  comparison  falls  and  QMEMIGNR  of  System  Table  13  is  less  than  or  equal  to 
zero,  then  this  error  Is  reported  via  bit  53  of  the  Executive  Status  Report  and 
the  computer  status  monitor  signal  will  be  stopped  thus  halting  OBC  operation. 
If  QMEMIGNR  is  greater  than  zero  then  the  error  is  not  reported. and  OBC 
operation  continues.  By  using  QMEMIGNR  greater  than  zero  MEMCK  can  be  allowed 
to  calculate  Its  own  checksum,  because  the  calculated  checksum  (MEMSUM)  replaces 
QMEMCKSM  when  an  error  is  found. 

B.3.21. 2 Memory  Check  (MEMCK)  Operation 

See  the  flowchart  In  Section  B.3.21. 6 for  detailed  description  of  MEMCK 
operation. 

B.3.21. 3 Memory  Check  (MEMCK)  Constraints 


TBD 

B . 3 . 2 1 . 4 Memory  Check  (MEMCK)  System  Tables 
MEMCK  uses  two  System  Tables  13  and  14. 
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jEncri*  Name 

1 


Using 

TLM  Typ»'  Subroutine 


Description 


System  Table  #13  (QHEMCK) 

0 QMEMIONR  F MEMCK 


I QMEMCKSM  V MEMCK 


• Flag  to  Ignore  erros  found  In 
checksum  calculation 

• If  > 0 ignore  errors 
o If  < “ 0 report  error 

• Used  to  avoid  false  error  when 
memory  Is  being  loaded 

o When  inhibiting  the  MEMCK 
processor  the  EKEC  will  sec 
Q^EM^GMR  >0 

» Calculated  checksum 
o Uplinked  by  ground  or 
o If  QMEMIGNR  is  set  > 0 the 

processor  Is  allowed  to  calculate 
Its  own  checksum  and  store  It  in 
QMEMCKSM 

o Exclusive  OR  of  all  words  in  area 
being  checked 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

System  Table 

#14  (QLLMITS) 

0 

QLIMIT 

V 

MEMCK 

o BSTCODE 

e Location  to  start  memory 

check 

1 

QLIMIT- 

•1  V 

MEMCK 

o QENDCODE  - 1 

Last  location  to  Include 
check 

In  memory 

I 


! 

i 

t 


t 
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B.3.21.5  Memory  Check  (MEMCK)  Telemetry 

MEMCK  makes  no  contribution  to  telemetry.  Its  error  reporting  is  via  the 
Executive  Status  buffer  which  may  be  dumped  via  ground  command. 

B.3.21.6  Memory  Check  (MEMCK)  Flow  Charts 
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FIGURE  B. 3. 21-1  MEMCK  Flow  Chart 
B. 3-428 


B.3.22  TvlEMORY  Rf.OiMITOR  (^OIMTOR) 


SVS-10266 
Appendix  B 
31  December  1981 


B.3.22  MEMORY  MONITOR  (MONTOR) 

B. 3. 22.1  Memory  Monitor  (MONTOR)  Processor  Description 

The  Memory  Monitor  (MONTOR)  processor  will  monitor  eighteen  words  of  OBC  memory 
and  report  these  words  via  OBC  telemetry-  An  overview  of  this  processor  is 
^ivcn  in  Table  B-3-2  2 1 • The  ad dr  esses  to  be  moni cored  by  this  routine  are 
listed  as  QMONADDS(l)  to  QM0NADDS(18)  in  Systems  Table  15  (QMONITOR).  If  less 
than  18  location  are  desired  then  the  entr}'  after  the  last  addressed  required 
should  be  set  to  zero.  The  contents  of  these  memory  locations  are  inserted  into 
OBC  TLM  Reports  40,  41,  42—6  bits  per  word  right  justified.  Thus  3 telemetry 
words  are  required  for  the  contents  of  1 memory  location. 


LSD-WPC-263 


B 


429 


SVS-10266 
Appendix  B 
31  December  1901 


Table  B. 3. 22-1.  Memory  Monitor  (MONTOR) 


Number:  13 

Type:  Background 

Priority:  20 
Period:  8.192 

Function:  Report  18  memory  locations  via  O'  ■ Telemetry 
Reports  40,  41  and  42 

Subroutines:  None 

System  Tables 

9 Mnemonic  Type  Description 

15  QMONITOR  V Memory  locations  to  be  monitored 

Telemetry  Reports:  ODC  Reports  40  thru  42 
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B.3.22.r  Memory  Monitor  (MONTOR)  Processor  Operation 

The  operation  of  MONTOR  l3  described  by  the  flowchart  in  Section  B.3.22.6. 

B.3.22.3  Memory  Monitor  (MONTOR)  Software  Constraints 

TBD 

B.3.22.4  Memory  Monitor  (MONTOR)  System  Tables 


! 
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Entry 

Name 

Using 

TLM  Type  Subroutine 

Description 

System 

Table  Sl5 

(QMONITOR) 

N 

QMONADDS 

(W-1) 

V MONTOR 

o 

Address  of  nth  memory 
location  to  be  monitored  by 
MONTOR 

0 

End  of  list  of  addresses  is 
designated  by  zero 

o 

Number  of  addresses  limited 
to  18  by  telemetry  output 
size 
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B.3.22.5  Memory  Monitor  (MONTOR)  Telemetry 

The  monitored  memory  location  are  output  via  OBC  TLM  Report  40,  41  and  42.  Each 
word  contains  6 bits  of  Information  right  Justified.  SVS-10123  Data  Format 
Control  Book  Volume  II  (Telemetry)  gives  details  of  format. 
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Entry 

Number 


Name 


Generating 

Subroutine 


Description/Comment 


OBC  Telemetry  Report  ff40  (MON  01) 


1-0.4,8.12, 

16,20 

I+l 


I+: 


1+3 


MONTOR 


MONTOR 


MONTOR 


MONTOR 


Bits  13  through  18  of  memory  location 
(JKDNADDS(N)  N - 1— >6 


Bite  7 through  12  of  memory  location 
QiraNADDS(N) 

Bits  1 through  6 of  memory  location 
QMONADDS(N) 

Zero  byte 


Report  41  and  42  similar  format  but  contain  QM0N.\DDS( 7-12)  and 
QMONADDSC 13-18)  respectively. 
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B-3.22.6  Memory  Monitor  (MONTOR)  Flow  Charts 


FIGURE  B. 3. 22-1  H0^4T□R  Flow  Chart 
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B.3.23  SOLAR  ARRAY  FAILURE  DETECTION  AND  CORRECTION  (SADFDC) 

B. 3. 23.1  Solar  Array  Failure  Detection  and  Correction  (SADFDC)  Processor 
Description 

SADFDC  processor  Is  enabled  from  ground  control  via  an  Executive  Request  when 
the  solar  array  la  in  the  IX  orbit  rate  mode.  It  will  then  be  called  every 
16.384  seconds  until  it  disables  itself  as  a result  of  a failure  detection. 
SADFDC'a  function  is  to  detect  lack  of  rotation  of  SAD  during  this  mode.  If  the 
SAD  has  stopped,  commands  will  be  sent  to  switch  the  PDU  and  RIU  6 and  then 
SADFDC  will  be  disabled.  Telemetry  output  of  SADFDC  is  done  by  processor 
POTDAT.  SADFDC'a  processor  number  and  priority  number  are  23  and  14, 
respectively. 

The  subroutines  that  comprise  SADFDC  are  the  following: 

SADFDC  - Control  Routine 

SADINIT  - SAD  Fall  Detect  Initialization  Processing 
SADPROC  - SAD  Detection  Processing 
DELAY  - Delay  Processing 

B.3.23. 2 Solar  Array  Failure  Detection  and  Correction  (SADFDC)  Processor 
Operation 

B.3.23. 2.1  SADFDC 


The  flowchart  shown  In  Section  B.3.23. 6 describes  the  detailed  software 
operations  of  SADFDC.  Its  function  is  to  test  if  initialization  is  requested, 
if  sc  it  calls  subroutine  SADINIT  to  initialize  data.  It  will  check  if  SADFDC 
is  in  safehold,  call  subroutine  SADPROC  and  S/VDTE1.M.  If  SADPROC  finds  an  error 
3 consecutive  times,  SADFDC  will  call  subroutine  DELAY. 

B.3.23. 2. 2 SADINIT 

SADINIT,  flowcharted  In  Section  B.3.23. 6,  is  called  by  SADFDC  and  DEL.AY.  Its 
function  is  to  clear  data  variables  and  counters. 

B.3.23. 2. 3 SADPROC 

Subroutine  SADPROC,  flowcharted  in  Section  B.3.23. 6,  determines  which 
potentiometer  to  use  by  testing  the  system  table  word,  ISAPI,  and  saves  this  pot 
position.  . This  data  is  then  used  in  computing  the  pot  difference,  POTDIF . The 
solar  array  drive  rate,  SADRATE,  is  then  computed  and  checked  if  in  limits-  If 
it  is  out  of  limits  three  consecutive  times,  CLOCK  18  is  saved.  The  RIL  and  PDU 
are  switched  by  testing  the  system  table  words,  RIISFLG  and  PDUFLG.  The  fall 
flag,  SADFAIL,  is  set  to  3 and  SAD  Fail  Detect  is  disabled. 
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B. 3. 23. 2. 4 Delay 

Subroutine  DELAY,  flowcharted  in  Section  B.3.23.6,  Is  called  by  processor  SADFDC 
if  subroutine  SADPROC  detects  3 consecutive  errors.  DELAY'S  functioTi  _is  to 
delay  the  sending  of  IX  Orbit  Rate  Command  to  new  on  line  PDU  (A  or  B)  one  cycle 
time  or  16.384  seconds.  It  also  sots  the  flag  DPUUSE  «•  0.  Subroutine  FSTIME , 
which  is  In  the  SCP  processor,  reads  this  flag  and,  therefore,  does  not  reset 
the  flight  time,  TF,  to  the  DPI)  time.  Delay  sets  flag  FDCSADF  “ 1 to  disable 
SADFDC  processor.  It  then  calls  SADINIT  to  reset  POT  data  saving  and  processing 
counters. 

B.3.23.3  Solar  Array  Failure  Detection  and  Correction  (SADFDC)  Software, 
Constraints 


Turn  OFF  vUen  SA  la  in  closed  loop  to  correct  SA  position. 

B . 3 . 2 3 . 4 Solar  Array  Failure  Detection  and  Correction  ( SADFDC)  System  Table. 

S.iDFDC  uses  data  words  found  in  System  Table  68.  These  words  are  described 
below. 
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! 

Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

i SAD  Failure  Detection  System  Table  i?68 

! 0 

i 

1 

1 

1 

ISAPI 

F 

SADPROC 

If“l,  use  potentiometer  1. 

Else,  use  potentiometer  2.  Change 
pots  if  data  becomes  noisy  etc. 

I 1 . 

I 

! 

j 

i 

1 

1 

1 

1 

RIUFLG 

F 

SADPROC 

RIU  select  flag 

0 •»  RIU  A 

1 = RIU  B 

SADPROC  switches  to  the  RIU 
designated  by  RIUFLG  if 
the  subroutine  detects 
an  error  3 consecutive 
times. 

1 

1 2 

i 

j . 

PDUFLG 

F 

SADPROC 

PDU  select  flag 

0 =»  PDU  A on 

1 = PDU  B on  i 

SADPROC  switches  to  the  PDU  1 

designated  by  PDUFLG  if 

the  subroutine  detects 
e.n  error  3 consecutive 
times . 

1 

1 

3 

DPUUSE 

* F 

DELAY 

! 

Flag  for  ignoring  large  DPU  time  j 

delay.  If  the  SAD  rate  is  out  of  j 

limits  3 consecutive  times,  I 

subroutine  DELAY  will  set  DPUUSE  | 

to  0.  This  value  is  read  by 
subroutine  FSTIME  in  the  SCP  1 

processor  which  will  then  not  i 

update  the  flight  software  time 

TF.  1 
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B.3.23.5  Solar  Array . Failure  Detection  and  Correction  (SADFDC)  Telemetry 


The  status  of  SADFDC  can  , be  monitored  by  the  telemetry  report  output  from 
processor  POTDAT,  Telemetry  Report  35.  This  report  Is  described  in  Section 
B.3.24.5. 


B.3.23.6  Solar  Array  Failure  Detection  and  Correction  (SADFDC)  Flow  Charts 
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CALL 

DELAY 
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CALL 
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IDISABLE  SAD  FAILURE  DETECTION 


CALL 

SADINiT 
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DETECT 

PROCESSING 
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-0  ^ 
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DETECT 

TELEMETRY 
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SYSTEM  TABLE  ENTRY 
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Figure  8.3.23-:.  SADINIT  Flow  Chart 
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B.3.2A  POTENTIOMETER  DATA  (POTDAT) 

B. 3 .24.1  Potentiometer  Data  (POTDAT)  Processor  Description 

The  Potentiometer  Data  Processor  is  scheduled  for  execution  every  8.192  seconds. 
It  consists  of  2 subroutines: 

1.  POTDAT  - Potentiometer  Data  Processing  ' 

2.  PTELEM  - POTDAT  Telemetry 


Its  primary  function  is  to  convert  the  SA  position  data  from  counts  to" degrees 
and  then  format  and  store  it  into  a telemetry  buffer,  along  with  data  items  from 
SABFDC. 


B. 3 .24.2  Potentiometer  Data  ( POTDA'F)  Processor  Operation 
B. 3. 24. 2.1  POTDAT 

The  POTDAT  processor  is  flowcharted  in  Section  B. 3.24. 6.  It  checks  fhe  SA 
position  data,  SAIPl  or  SAIP2,  to  determine  if  it  lies  within  the  uplinked  lower 
and  upper  limits,  SAPMN  and  SAPMIi,  respectively.  The  status  flag,  SCFLAGS,  will 
be  set  to  indicate  Che  status  (valid  or  invalid)  of  the  data  received.  It:  then 
converts  the  SA  position  data  from  counts  to  degrees. 

I 

B. 3. 24. 2. 2 PTELEM 

PTELEM  formats  and  stores  into  telemetry  buffer  POTlOl  the  data  froa 
potentiometers  1 and  2,  the  status  flag  indicating  good  data  and  data  items  from 
S/\D.'^DC. 

B.3.24.3  Potentiometer  Data  ( POTDAT)  Software  Constraints 


TBD 

I 

B.3.24.4  Potentiometer  Data  (POTDAT)  System  Tables 

The  POTDAT  uses  the  uplinked  data  words  in  system  table  tf61.  This  table 
consists  of  2 words  which  define  the  upper  and  lower  limits  for  acceptable  SA 
data  position. 
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Entry 

Name 

TLM  Type 

Using 

Subroutine 

Description 

■ ■ 

System 

Table  #61 

( POTDAT) 

0 

SAPMN 

P 

POTDAT 

Lower  boundary  threshold  for 
potentiometer  data. 
Potentiometer  data  only  valid 
above  this  designated  number 
of  counts.  Appears  as  SCSAPi'’fN 
in  PDL. 

' 

1 

SAPMX 

P 

POTDAT 

Upper  boundary  threshold  for 
potentiometer  data. 

Potentiometer  data  only  valid 
below  this  designated  number 
of  counts.  Appears  as  SCSAPMX 
in  PDL. 

_J 
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B.3.24.5  Potentiometer  Data  (POTDAT)  Telemetry 

The  status  of  the  POTDAT  processor  Is  contained  in  OBC  TLM  Report  035,  minor 
frame  0.  This  report  also  contains  data  from  the  SADFC  processor . 
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■ 

Entry 

i}  Name 

Gene racing 
Subroutine 

Description/Comment 

OBC  TLM 

Report  #35 

0 

TSAI! 

POTDAT 

Solar  array  orientation  In  degrees  from 
Pot  #1. 

3 

TSAI2 

POTDAT 

Solar  array  orientation  in  degrees  from 
Pot  02 

6 

TBD 

7 

KDCSADF  . 

DELAY 

If  a failure  Is  detected  3 consecutive 
times,  this  flag  is  set  to  1 to  disable 
SADFDC. 

*8 

SADFAIL 

SADPROC 

SAD  failure  counter 

9 

FSTIME 

SADPROC 

.at  time  buffer  filled  flag 

10 

SAD RATE 

SADPROC 

SAD  rate 

12 

POTDIF 

SADPROC 

Potentiometer  output  difference 

14 

TIME 18 

SADPROC 

Time  when  3 consecutive  errors  are 
detected. 

* TLM  alarm;  SADFAIL  = 3 
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B.3.24.6  Potentiometer  Data  (POTDAT)  Flow  Charts 
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ISST  THE  STATUS  FLAG  AND  THE  LONG  TERM  STATUS 
FLAG  ASSOCIATED  WITH  POTENTIOMETER  TO 
INVALID  DATA  RECEIVED. 


l180°<SAIPl<3e0*.  THEREFORE. 
CONVERT  THE  SA  POSITION  TO  DEGREES 
USING  THIS  EQUATION. 


ISET  STATUS  FLAG  AND  LONG  TERM  STATUS 
FLAG  ASSOCIATED  WITH  POTENTIOMETER  #2  TO 
INVALID  DATA  RECEIVED. 


— TELE.METRY  POINT 

••  SYSTEM  TABLE  ENTRY 

— telemetry  point  i 

SYSTEM  TABLE  ENTRY 


Figure  B. 3. 24-1.  PO'fDAT  Flow  Chart 
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IINITIAUZE  THE  PROC  POINTER  TO  THE  START  OF  THE 
TELEMETRY  BUFFER  ASSIGNED  TO  SOLAR  ARRAY  TELEMETRY 
REPORT -1. 
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IMOVE  THE  18  MCB'S  OF  POT  POSITION  DATA  OBTAINED 
FROM  POTENTIOMETER  =1  INTO  WORDS  1-3  OF 
BUFFER  POT  % 01. 


IMOVE  THE18  MSB'S  OF  POT  POSITION  DATA  OBTAINED  FROM 
POTENTIOMETER  r2  INTO  WORDS  4-6  OF  BUFFER  POT  % 01. 


IMOVE  THE  0 LSB'S  OF  THE  LARGE  DPU  TIME  FLAG  INTO 
WORD  8.  CTHE  2 BIT  FLAG  OF  SCFLAG  ARE  ALREADY 
IN  WORD  7 OF  POT  % 01.1 


IMOVE  THE  8 LSB  S OF  THE  FAILURE  DETECTION  FLAG 
INTO  WORD  9. 


IMOVE  THE  8 LSB'S  OF  SAD  FAILURE  COUNTER  INTO  WORD  10. 


IMOVE  THE  8 LSB'S  OF  THE  1ST  TIME  BUFFER  FILLED  FLAG 
INTO  WORD  11. 


IMOVE  THE  SAD  RATE  INTO  WORDS  1ZAND  13. 


IMOVE  POTENTIOMETER  OUTPUT  DIFFERENCE  INTO 
WORDS  14  & 15. 


IMOVE  CLOCK  18  INTO  WORDS  16  AND  17 


B. 3-450 


